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F o r e w o r d
T his is the latest issue of  “Science and Technology Trends     Quarterly Review”.
N ational Institute of Science and Technology Policy (NISTEP) established Science and Technology Foresight Center (STFC) in January 2001 to deepen 
analysis with inputting state-of-the-art science and technology trends.  The mission 
of the center is to support national science and technology policy by providing 
policy makers with timely and comprehensive knowledge of important science and 
technology in Japan and in the world.
S TFC has conducted regular surveys with support of around 2000 experts in the industrial, academic and public sectors who provide us with their information 
and opinions through STFC’s expert network  system.  STFC has been publishing 
“Science and Technology Trends” (Japanese version) every month since April 2001. 
The first part of this monthly report introduces the latest topics in life science, ICT, 
environment, nanotechnology, materials science etc.  that are collected through 
the expert network.  The second part carries insight analysis by STFC researchers, 
which covers not only technological trends in specific areas but also other issues 
including government R&D budget and foreign countries’ S&T policy.  STFC also 
conducts foresight surveys periodically.
T his quarterly review is the English version of insight analysis derived from recent three issues of “Science and Technology Trends” written in Japanese, 
and will be published every three month in principle.  You can also see them on the 
NISTEP website.
W e hope this could be useful to you and appreciate your comments and advices.
Dr.  Kumi  OKUWADA
Director, Science and Technology Foresight Center
National Institute of Science and Technology Policy
NISTEP has moved to a new office
Contact
information
Science and Technology Foresight Center
National Institute of Science and Technology Policy
Ministry of Education, Culture Sports, Science and Technology (MEXT)
3-2-2, Kasumigaseki, Chiyoda-ku, Tokyo 100-0013, Japan
Telephone  +81-3-3581-0605    Facsimile  +81-3-3503-3996
URL  http://www.nistep.go.jp/index-e.html
E-mail stfc@nistep.go.jp
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Microalgae Pioneering the Future
— Application and Utilization —
   Microalgae were one of the first organisms to come into existence on earth (in 
the ocean) more than 3 billion years ago, when the Earth’s environment formed. 
Microalgae are unicellular organisms that have chlorophyll and produce oxygen (O2) 
by immobilizing carbon dioxide (CO2) in the atmosphere through photosynthesis. 
They are also called phytoplankton. There are about 100,000 different types of 
microalgae in seawater and fresh water.
   Microalgae’s functions and applicability are now drawing attention. Already, 
they are being applied in three biotechnology fields. First, they are being applied 
in the area of functional ingredients and other medical and health biotechnology 
(red biotechnology), second, in the area of agriculture, water and environment 
biotechnology for feed and environmental purification (green biotechnology), and 
third, in the area of industrial biotechnology, including biomass resources and 
biofuels (white biotechnology).
   In anticipation of the depletion of oil, the U.S. Department of Energy started an 
“Algal Biofuels Workshop” in December 2008. Australia and the Netherlands are 
also fostering an environment to develop new microalgae-related industries.
  On the other hand, microalgae research in Japan has been segmentalized within 
individual fields and there is no environment to develop common technology and 
knowhow. It is necessary to consolidate and reorganize researchers and academic 
associations engaged in microalgae research and immediately form an industry-
academia-government consortium specializing in the development and support 
of new industries in the three fields. In particular, it is necessary to accelerate the 
application of basic technology, such as culturing methods, with production cost in 
mind. To these ends, it is necessary to 1) create scientific and academic associations 
focused on microalgae biotechnology, 2) promote cooperation among industry, 
academia and the government for the eventual industrialization of microalgae 
biotechnology, and 3) make a road map for each application area.
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Prepared by the STFC
(Original Japanese version: published in September 2009)
Figure : Basic Concept of Biotechnology Fields to 
Which Microalgae Contribute
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    This article introduces some of the results published by FAZIT, a research project 
sponsored by the state government of Baden-Württemberg in Germany. In August 
2008, a research report, “The IT and Media-World in Baden-Württemberg in 
2020—Four Kinds of Basic Scenarios,” was released by FAZIT (Forschungsprojekt 
für aktuelle und zukunftsorientierte Informations- und Medientechnologien und 
deren Nutzung in Baden-Württemberg—Research Project for Current and Future 
Information and Media Technologies and Their Use in Baden-Württemberg). This 
scenario report is the second part of a trilogy that begins with a Delphi-study report 
and ends with a recent roadmap report. The reports are very intriguing because they 
show regional foresight together with regional analysis.
   The four basic scenarios, which are conclusions of the scenario report, have two 
distinct features: they present social feasibilities in an extensive and neutral manner 
by combining multiple methods, and they depict them as specific stories of everyday 
life. The everyday lives of four main characters in 2020 are described in the first 
part of the report, and then explanations of how these stories were drawn up are 
provided. Each of the four stories describes four topics: new ICT, change in the 
working environment, the future of the ICT industry, and the industry-academia 
cooperation together with the contribution to education. Each story, however, 
focuses chiefly on one of the topics.
   These four scenarios give clear pictures of future Baden-Württemberg as a site 
location for the IT and media. In the scenario-making process, influence fields fitted 
with the characteristics of the region were determined, and then the descriptions 
belonging to the fields and the possible appearances of descriptions were discussed. 
The consistency and the relevancy of the appearances were assessed quantitatively 
and reflected back into the scenarios. 
   The four scenarios have two common features: regional cooperation is becoming 
more vital, and inevitable offshore outsourcing will cause a change in the industrial 
structure in Baden-Württemberg. In contrast, there are two differences in terms 
of public acceptance of new technology, and society is either split or united. 
These differences reveal the problems to be solved for the sake of the future 
competitiveness of Baden-Württemberg. To avoid negative developments, the report 
concludes that it is crucial to increase public acceptance of the use of new ICT and 
to prevent society from splitting. 
2
Regional Foresight Scenarios in Germany
－ IT and the Media in Baden-Württemberg in 
2020 － Information and
Communication
Technologies
Source :  Reference[2]
(Original Japanese version: published in August 2009)
Figure :  Images of the Four Scenarios
p.22
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Figure 1 Images of four scenarios 
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Left — Handed Metamaterial Technologies 
Significant for Information and 
Communication Devices
   In recent years, many attempts have been made to realize electromagnetic 
characteristics by means of artificial structures called “metamaterials” instead 
of managing the physical properties of materials. In particular, left-handed 
metamater ia ls can develop new phenomena heretofore unimaginable by 
characteristics of such properties as the simultaneously negative-permittivity and 
permeability along with a negative refractive index, and the resulting new functions 
such as producing a backward wave.
   Research and development of left-handed metamaterials has been advancing, 
particularly in the utilization of planar structures. Devices that use a backward wave 
and ones that utilize the band stop characteristics in transition areas between the 
right-handed (conventional) and the left-handed region have already been put to use. 
Since commercially-available software tools for electromagnetic field simulation can 
be used for the design of planar cercuit structures, it allows us to design prototype 
metamaterials in plactice. The applicable electromagnetic wave frequency range 
may be expected to be increased up to the optical domain in the future, and it 
may even be possible to realize an “invisible cloak.” Research activities concerning 
metamaterials have rapidly evolved since 2000, with lively discussions appearing in 
academic societies and journals worldwide. The number of patent applications is 
also on the increase year by year.
   New types of appl icat ions of the technologies surrounding left-handed 
metamaterials are now being opened up, making use of their novel characteristics 
from different technical approaches.
   If practical applications to exploit the advantageous properties of left-handed 
metamaterials for market requirements are proposed by industry without being 
blinded by the linear model of research and development, and if academic societies 
work cooperatively with the proposals, there will be then technical advances 
promoting their practical use and even another step forward. 
   With the globalization of research activities and worldwide competition, the speed 
of development has grown intense. Japan also needs to establish efficient research 
scheme that make the best use of the abilities of key persons and the surrounding 
researchers, and a collaborative framework that is free from the bounds of 
organizations.
Figure : Principle behind Invisible Cloak
Prepared by the STFC
(Original Japanese version: published in September 2009)
Left-handed metamaterial (invisible cloak)
Surrounded by a left-handed metamaterial, the "bird" is 
no longer visible. The tree behind the bird can be seen.
A bird is seen in front of the tree.
Reflected light
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   The progress in moves toward putting research papers on e-journals, which 
has been brought about by the advent of the Internet, has made it possible for 
researchers to use various routes to access information quickly. Moreover, Web-
based communications offer various means of distributing research information. 
However, as of 2009, researchers still publish their results in well-established 
journals, as their promotion and research funds are often decided based on their 
achievements listed in such journals.
   Since e-journals for research papers have made it easy to instantly distribute 
research information throughout the world and compare it with other information, 
inappropriate actions, such as plagiarism and double contribution, can be easily 
detected; and in fact, measures to deal with such inappropriate actions are being 
studied. The e-journal has also made it possible to understand the distribution of 
research information not only in the unit of a research paper but also in the unit of 
researcher and research institute. However, since identifiers for research papers had 
not been well organized, attempts to identify authors and research institutes began 
with quotation databases, and this has led to assigning IDs to individual researchers.
   Meanwhile, various attempts are being made and active discussions are being held 
with regard to open access activities to realize barrier-free access to e-journals. Since 
the transparency of research information has drastically increased thanks to the 
Internet and the social accountability for information generated from public-funded 
research has come to be increasingly called for, the importance of researchers’ 
morality has increased. It is important to establish a comprehensive system, under 
which researchers can report their research results through e-journals, etc. even at 
the stage of their application for research funds and understand how their research 
papers are evaluated. In particular, it is necessary to tie research grants with research 
results based on researcher identifiers. At present, however, it is difficult to do so 
due to the coexistence of various databases. It is desirable to establish a unified 
protocol for metadata ranging from funding to results-reporting in order to allow 
cross-sectional examination of who received what research funds, where research 
results were reported and what impact the research had.
Nanotechnology
and
Materials
4 Recent Developments Concerning Moves Toward Research Papers on E-Journals p.51
(Original Japanese version: published in July 2009)
Figure : Environment Surrounding Research Funding
Prepared by the STFC
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   The 34th AAAS (American Association for the Advancement of Science) Forum was 
held in Washington D.C. on April 30 and May 1, 2009. The forum is held annually 
for people in the science, engineering, and higher education communities so that they 
can learn about and discuss the latest public policy issues and the federal science and 
technology budget. This year, the number of participants exceeded 600 for the first time 
in the forum’s history, showing the Obama administration’s strong interest in science 
and technology policy. 
   Discussion topics included global economic issues and the role of science and 
technology, a huge increase in funding (more than 3% of the U.S. GDP) for science and 
technology and its proper use, as well as the present condition and future of science and 
the existing media. On the first day, analysis was conducted on budgetary and policy 
context for R&D in fiscal 2010. On the second day, there was a discussion on the role of 
science and technology during the current global economic condition. 
   The keynote address was made by John P. Holdren, Assistant to the President for 
Science and Technology and Director of the White House Office of Science and 
Technology Policy. Holdren previously served as chairman of the board of directors of 
the AAAS. Special attention was given to his address since it was the first forum under 
the Obama administration, and Holdren plays a major role in the President’s science and 
technology policy. In his address, Holdren emphasized that President Obama considers 
the development of science and technology to be an important priority for overcoming 
the current economic crisis and is taking the initiative in such efforts. In his science 
plan, the President pledged to invest more than 3% of the nation’s GDP in research and 
development, an increase from the current level at 2.66%. This will surpass the level 
achieved at the height of the space race in 1964, when it was about 2.9% of the country’s 
GDP. The Obama administration also increased the budget for science and technology-
related agencies. In particular, the science plan focuses on investment for efforts to 
strengthen both basic and applied research, to promote innovation for the realization 
of a clean energy-based economy, to improve the health care system, and to improve 
mathematics and science education.  
   In addition, the panel discussion topics in this forum included “Global Economic 
Issues and the Role of Science and Technology” and “The Future of Science 
Journalism.” There was also a session on the worsening effects of fossil fuel and global 
climate change on human health. Even outside this session, many speakers discussed 
issues surrounding climate change, pointing out that the United States has completely 
changed its environmental policy and is actively tackling environmental issues.
Report on the Annual AAAS Forum on Science 
and Technology Policy (2009)
8S C I E N C E  &  T E C H N O L O G Y  T R E N D S
(Original Japanese version: published in July 2009)
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Figure : U.S. FY2009 R&D Appropriations (excl. stimulus)
DOE: Department of Energy, DOT: Department of Transportation, DHS: Department of Homeland 
Security, NOAA: National Oceanic and Atmospheric Administration, NIST: National Institute 
of Standards and Technology, VA: Department of Veterans Affairs, NSF: National Science 
Foundation, DOD: Department of Defense, USGS: United States Geological Survey, NASA: 
National Aeronautics and Space Administration, USDA: United States Department of Agriculture, 
NIH: National Institutes of Health, EPA: Environmental Protection Agency
Source : Slide used by Albert H. Teich
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Microalgae Pioneering the Future
— Application and Utilization —
Yoshihiko sumi
 Life Science Research Unit
Microalgae
1-1 What are microalgae?
   Microalgae were one of the first organisms to come 
into existence in the Earth’s ocean more than 3 billion 
years ago, when the Earth’s environment formed. 
They are also called phytoplankton. These unicellular 
organisms have chlorophyll and produce oxygen 
(O2) by immobilizing carbon dioxide (CO2) in the 
atmosphere through photosynthesis. There are about 
100,000 different types of microalgae living not only 
in the oceans but also in fresh water (lakes, ponds, and 
rivers).[1]
   Microalgae began growing proliferously in 
oceans about 3 billion years ago and ever since 
have displaced carbon dioxide, which had been the 
main component of the atmosphere, with oxygen 
through their photosynthetic capability, resulting 
in creating the current atmospheric composition. 
The oxygen produced by photosynthesis not only 
constituted the atmosphere but also raised the level 
of dissolved oxygen in seawater. As a result, iron in 
seawater was oxidized and deposited on the seabed, 
eventually forming the current iron ore layer. Large 
quantities of dead microalgae were also deposited 
on the seabed and, billions years later, they became 
oilfields. The Gephyrocapsa,(Figure 1, A) which is a 
kind of microalgae, produces calcium carbonate by 
causing carbon dioxide to react with calcium in water 
and thus forms the circular outer shell of a cell. This 
process formed limestone layers. A typical example 
is Chalk Cliff on the British side of the English 
Channel.[1] Microalgae form the bottom of the food 
chain —  they are eaten by zooplankton, which in 
turn is eaten by small fish, then by big fish, and then 
by humans. In this way, microalgae form the current 
global environment and are feeding living organisms 
on the earth even now. Human beings are utilizing 
and enjoying the benefits from resources produced by 
microalgae.[1,2]
   At the same time, however, pollution and disruption 
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A : Gephyrocapsa[4]
B : Haematococcus lacustris[5]
C : Spirulina platensis[6]
D : Chlorella vulgaris[7]
E  : Dunaliella tertiolecta [8]
F  : Euglena gracilis[4]
G : Chaetoceros calcitrans[9]
H  : Dinophysis acuminate[4]
I   : Alexandrium[10]
J  : Bacillariophyceae[11]
K  : Raphidophyceae[12]
L  : Botryococcus[13] 
A, F, H, and J are electron micrographs, 
the others are optical micrographs. 
Prepared by the STFC based on References[4-13]
Figure 1 : Microalgae mentioned in this report (electron micrographs)
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of the water environment has caused excessive growth 
of microalgae, which is known as red tide. Red tide 
is believed to be caused by multiple factors, such 
as water being polluted with phosphorus contained 
in detergents and the breakdown in the balance of 
the food chain caused by a sharp decrease in clams, 
etc. due to the disruption of tideland ecosystems. 
Red tide depletes marine resources by lowering the 
concentration of oxygen in water. Moreover, some 
of the microalgae that grow excessively, such as 
Alexandrium,(Figure 1, I) produce toxic substances. 
Too much growth causes contamination of marine 
resources.[3]
1-2   Expectations for microalgae
   Although human beings have been aware that 
the current global environment was formed by 
microalgae, they had not focused their attention on 
microalgae from the perspective of actively utilizing 
them. However, after problems connected to the 
existence of human beings came to the fore, such as 
the depletion of oil, higher crude oil prices, a rise in 
food prices, a food-supply crisis, and global warming 
caused by an increase in carbon dioxide, human 
beings have begun to pay attention to microalgae.
  Due to the rapid population increase and 
industrialization, oil that was created by microalgae 
is expected to be exhausted by the middle of this 
century. This has prompted the idea that, since oil can 
be created by microalgae, we should make microalgae 
produce oil again. Since the production of bio-
ethanol depends on cornstarch, demand for corn has 
increased, leading to a rise in food prices. Therefore, 
the idea has emerged that microalgae, which form the 
basis of the food chain, should be actively utilized and 
that, if the use of oil and other fossil fuels increases 
carbon dioxide in the atmosphere, microalgae should 
be used to immobilize carbon dioxide. Such an idea 
may have sounded far-fetched until recently. However, 
thanks to progress in biotechnology, it has become 
more possible for us to draw on the capability of 
microalgae to address the various problems we are 
facing.
   One of the most feasible biotechnology fields is red 
biotechnology, an area concerning medicines and 
health, including drugs, bioactive substances and 
nutraceuticals. It focuses on functional substances 
produced by microalgae and aims at making use of 
them. The second field is green biotechnology, an area 
concerning agricultural, water and environmental 
biotechnology. It aims at producing feed for 
herbivorous livestock and bivalves and cleaning 
up the environment by making use of functional 
substances produced by microalgae. The third field 
is white biotechnology, an area concerning industrial 
biotechnology, such as biomass resources and 
biofuels. It is designed to use microalgae as a means of 
industrial production.(Figure 2)
   This report focuses on the microalgae that may 
contribute to the enhancement of the quality of life of 
people in the future and that may lead to the solution 
of some of the problems we are currently facing. The 
report also looks at the value of utilizing microalgae 
in three biotechnology fields: red, green and white 
biotechnology.
Microalgae changing science 
fields
2-1 Red biotechnology: application to 
nutraceuticals
   One of the challenges facing advanced countries in 
the 21st century is that various medical and health-
related problems have increased. And many of them 
are diseases caused by people’s poor eating habits. To 
cope with this situation, people have come to pay more 
attention to preventing diseases and maintaining good 
health, rather than taking medicine after suffering 
from diseases. It has been scientifically demonstrated 
that some foods contain bioactive substances that 
fall between pharmaceuticals and nutrition. Such 
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Which Microalgae Contribute
2
Q U A R T E R L Y  R E V I E W  N o . 3 4  / D e c e m b e r  2 0 0 9
11
substances are called nutraceuticals, and as they are 
effective for disease prevention they have come to 
draw attention.[14]
   In recent years, it has been found that various 
substances produced by microalgae also have bioactive 
and other useful functions. This can be understood 
from the fact that microalgae have been the basis of 
the food chain. For instance, it is well known that 
blue fish, such as Pacific saury and sardines, contain 
docosahexaenoic acid(DHA), an unsaturated fatty 
acid also called omega fatty acid, which is said to 
be effective in preventing arteriosclerosis. However, 
these fish do not produce DHA in their bodies; 
rather they take in DHA from the food they eat. It is 
pointed out that the root of DHA in such fish can be 
traced to microalgae. In other words, DHA in fish 
is a substance ingested and concentrated along the 
steps of the food chain. Since DHA is essential for the 
cerebral development of infants, DHA obtained from 
refined fish oil has been used as a functional food 
ingredient. In recent years, concerns have been raised 
about higher prices of fish oil caused by a decrease in 
fish catches and oceanic pollution. This has prompted 
a study to develop a method to industrially cultivate 
DHA-producing microalgae and extract DHA from 
them.
   Martek Biosciences Corp. of the United States (in 
Columbia, Maryland) has been cultivating microalgae 
in 80–260 m2 tanks and extracting DHA oil from 
the microalgae. Unlike DHA derived from fish oil, 
microalgal DHA is said to have no fishy odor. Since 
DHA is necessary for the growth of the brain and eyes 
of infants, it has been used as an additive in infant 
foods.[15]
   Microalgae come in various colors. Chlorophyll 
makes some microalgae green. There are also many 
kinds of red, orange, and yellow microalgae. These 
colors are all derived from carotenoid or natural 
pigment. It has been proven that carotenoids have 
antioxidant and other bioactive effects. Studies 
are now under way to use them as functional food 
ingredients and cosmetics.
   For instance, it has been reported that the astaxanthin 
produced by the orange-colored Haematococcus lacustris 
(Figure 1, B) has a high antioxidant effect that protects 
human bodies from ultraviolet light and excessive 
oxidation of fat in the blood. Therefore, astaxanthin 
has been drawing attention lately in such fields as the 
prevention of aging, easing of eye strain, relaxation 
of tired muscles, and prevention of arterial sclerosis. 
Already, several Japanese corporations have started 
operating microalgae cultivation facilities to produce 
astaxanthin.[16, 17]
   Since microalgae are widely distributed in saline 
and fresh water and there are about 100,000 different 
kinds, it is believed there are many compounds 
with yet-to-be-discovered biological activities. 
Therefore, microalgae are promising treasure troves 
for researchers looking for candidate substances for 
medicines and functional ingredients.
2-2 Green biotechnology: application to food, 
feeds and environment
2-2-1 Application to food
   People in the 21st century are facing challenges in 
terms of securing good-quality food and conserving 
the environment.
   Living creatures on earth are enjoying the 
benefits of the sun. This is because the source of 
ecosystem evolution is sunlight. In other words, 
microalgae immobilize carbon dioxide and produce 
organic matters by making use of energy from 
sunlight. Microalgae are the primary producers of 
organic matter on the earth. They serve as prey for 
zooplanktons, shells and small fishes, which in turn 
serve as prey for bigger fish and animals on earth. 
Human beings stand at the top of this food chain. 
Viewed from this perspective, it is no exaggeration to 
say that microalgae are supporting all living creatures 
on earth. There is a big social need to provide safe 
food and food materials on a stable basis.
   For instance, Spirulina platensis, a kind of microalgae 

Prepared by the STFC
Figure 3 : Chemical Constitution of DHA

Prepared by the STFC
Figure 4 : Chemical Constitution of Astaxanthin
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(Figure 1, C), has long been taken as a medicine in 
South America and Africa and studies are now under 
way on its nutrition and bioactive substances. Chlorella 
vulgaris (Figure 1, D), Dunaliella tertiolecta (Figure 1, E) 
and Euglena graclis (Figure 1, F) are being sold as health 
foods in Japan. Since substances produced by these 
microalgae are believed to be effective for health 
maintenance and disease prevention, studies are now 
under way to use them as new food materials and 
resources.
   Meanwhile, toxic microalgae sometimes grow 
proliferously in the South Pacific. Since microalgae 
form the basis of the food chain, toxins concentrate 
in the bodies of fish that eat such microalgae. People 
eating such fish sometimes develop paralysis or other 
symptoms of food poisoning. A typical example 
of such toxins is ciguatera toxin. Until recently, 
poisoning cases related to ciguatera toxin were 
reported only in south Pacific regions. However, due 
to the recent global warming, microalgae containing 
ciguatera toxin have begun to move northward, raising 
the possibility of fish contaminated by the toxin being 
caught in seas near the coast of Japan.[18]
   Professor Shoichiro Suda of the University of the 
Ryukyus has begun collecting toxic microalgae. From 
the standpoint of ensuring that it is safe to eat fish, it is 
necessary to promote research and collect information 
on microalgae in fishery waters.
2-2-2 Application to feed
   Microalgae are good feed for clams. Gulf areas, 
where microalgae grow abundantly, are known 
as being good locations for the raising of oysters. 
However, oyster catches f luctuate wildly in line 
with climate changes. Therefore, a method of using 
cultivated microalgae as feed for the larvae of oysters, 
clams, mussels and sea urchins has been drawing 
attention as a stable cultivation method not affected 
by climate changes and environmental contamination. 
For instance, Akkeshi Town in Hokkaido has been 
engaged in nurturing young shells at an oyster nursery 
center. The center incubates oysters and feeds them 
with Chaetoceros calcitruns (Figure 1, G) and some other 
microalgae cultured in a sealed tank. This has made 
safe and stable cultivation of oysters possible without 
worrying about the risk of fluctuation in production 
volume caused by such factors as abnormal weather 
and the spread of oyster viruses.[19]
   Moreover, the idea of using microalgae as feed 
can also be applied to raising cattle. At present, corn 
and other grains are used as feed for breeding cattle 
for meat, and about 11 kilograms of grain is used to 
get one kilogram of beef.[20] Amid concerns about 
food shortages caused by increasing population, it 
is questionable how long we can keep on feeding 
livestock with grains which can otherwise be used 
as food for people. Since microalgae contain a good 
balance of sugar, protein, fat and minerals and are 
suitable as feed for cattle and other livestock for meat, 
they warrant further study.
2-2-3 Application to environment
   Microalgae have contributed to the formation of 
the earth’s current atmosphere and are still parts 
of the mechanism whereby oceans absorb carbon 
dioxide from the atmosphere. Some of the carbon 
dioxide emitted into the atmosphere through animals’ 
breathing and human industrial activity is absorbed 
into the oceans through ocean surfaces. Microalgae 
inhabiting ocean surfaces take in carbon dioxide 
dissolved by photosynthesis, resulting in lowering 
the level of carbon dioxide in the ocean surface and 
promoting the immobilization of carbon dioxide in 
the atmosphere. Furthermore, carbon dioxide is taken 
in by microalgae that are prey for zooplanktons and 
fish and then will be transported from the surface to 
the ocean’s interior by dead fish and their feces. This 
is called a biological pump. In this way, microalgae 
are deeply involved in transporting dissolved carbon 
dioxide from the ocean’s surface to the interior.
   Over the last several decades, the technology to 
measure sea color with sensors mounted on artificial 
satellites has advanced, allowing global observation of 
microalgae in the ocean. For instance, the purpose of 
Sea WiFS (Sea-viewing Wide Field-of-view Sensor) 
on board the Orbview-2 satellite, which was launched 
by NASA in 1997, was to observe microalgae in the 
ocean on a global scale and study their distribution.[21] 
Chlorophyll-a in microalgae in the ocean absorbs blue 
light with wavelengths of around 443 nm and reflects 
green light with wavelengths of around 550 nm. For 
this reason, the sea becomes blue when there are 
few microalgae in it and green when there are many 
microalgae. If we analyze the light from the ocean 
by taking advantage of this nature of microalgae, we 
can understand the real-time conditions of microalgae 
development.[22]
   The reproductive distribution of microalgae is 
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mainly determined by environmental factors, such 
as light, water temperature and nutrient minerals. 
Therefore, many microalgae grow in such places as 
littoral areas, where nutrient minerals flow in from 
rivers; the subarctic area, where abundant nutrient 
minerals are already available; and the eastern 
equatorial area, where nutrient salts are provided 
due to upwelling caused by trade winds. However, 
few microalgae grow in the northern Pacific, the 
equatorial area and the Antarctic, despite the fact that 
these ocean areas are blessed with abundant nutrient 
minerals. Some people say this is because these ocean 
areas do not contain enough iron, which is essential 
for the growth of microalgae. Iron is provided to 
oceans either directly from rivers or through sands 
carried by wind currents, such as yellow sands carried 
by subtropical westerlies.[23, 24] A study project, called 
“Subarctic Pacific Iron Experiment for Ecosystem 
Dynamics Study (SEEDS),” was conducted in order 
to examine the hypothesis that when there is a lack 
of iron, few microalgae will grow. In the experiment, 
iron was dispersed in iron-deficient ocean waters 
to study its effect on carbon dioxide absorption and 
on marine organisms (Figure 5).[25] The results of 
the experiment confirmed that the iron distribution 
propagated microalgae.[26]
  The experiment was intended to investigate the 
relationship between microalgae and nutrient minerals 
with regard to immobilizing carbon dioxide on a 
global scale. It was not intended to immobilize carbon 
dioxide in the atmosphere by actually dispersing iron. 
While such experiment may lead to immobilizing 
carbon dioxide, we have to be cautious about actually 
carrying out such an experiment, since it has a major 
impact on the marine ecosystem and environment.[27]
   A study is also under way to purify water by 
utilizing microalgae’s strong power to absorb nitrogen 
and phosphorus in water. Specifically, the study is 
aimed at absorbing and removing excess nutrients 
from shrimp-breeding water by using microalgae. 
It suggests that microalgae have a water-quality-
purification function and that such function can be 
utilized.[28]
  There is also an example of immobilizing carbon 
dioxide by using microalgae. For instance, euglena 
Co. Ltd., a company originating from the University 
of Tokyo and engaged in businesses related to Euglena 
gracilis (Figure 1, F), has been trying to immobilize 
carbon dioxide in exhaust gas emitted from thermal 
plants by directly connecting the gas to a Euglena 
culture tank for aeration in cooperation with Okinawa 
Electric Power Co.[29] Normally, if exhaust gas is 
directly aerated, the culture solution is oxidized by 
various oxides, making the solution unsuitable for 
culturing microalgae. However, the company was 
able to effectively culture euglena, even under acidic 
conditions, and immobilize carbon dioxide. At the 
Thewhitishareas(whitishblueinacolorimage)arebelievedtobetheareaswheremany
microalgae grow.
Source: Reference[25]
Figure 5 : Ocean Areas Where the Iron Dispersion Experiment was Conducted
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same time, since culture solutions can be oxidized 
by aerating heavily-concentrated carbon dioxide, it 
can curb the growth of living organisms other than 
Euglena. In other words, it has been experimentally 
demonstrated that euglena is suitable for immobilizing 
carbon dioxide.
2-3 White biotechnology: application to 
biofuel and biomass
2-3-1 Application to biofuel
   The depletion of fossil fuel is another major problem 
facing human beings as it appears imminent. As 
an alternative energy to oil, the development of 
bioethanol from starch, which is derived from corn 
and other grains, is now under way. However, this 
development has raised the problem of conflict 
between food and biofuel. It has resulted in increased 
prices of not only corn but also other grains, leading 
to the so-called international political issue of “eat 
or burn”. Moreover, in addition to grains, the price 
of starch has also increased, raising doubts about the 
stable supply of starch. A study is also under way to 
produce bioethanol from the celluloses of unedible 
plants, such as switchgrass. Some say this may not 
compete with food. However, things are not that 
simple. This is because farmers decide which plant 
they grow — corn or switchgrass — depending on 
which one they can sell at a higher price. Therefore, it 
raises the problem of competition in terms of cropping 
acreage.
   It is for this reason that the development of biomass 
has come to draw attention, as it does not pose 
competition with food and it is economically feasible. 
Microalgae basically require carbon dioxide, minerals 
and light for their growth. They do not require 
starch. Therefore, as long as water and sunlight 
are abundantly available, it is possible to cultivate 
microalgae, even on infertile land. Biomass has been 
drawing attention in the U.S. Sunbelt, a vast stretch of 
land where an abundance of sunlight is available.[30]
   Oil consists of microalgal lipids that were deposited 
on the seabed several hundred billions of years ago. In 
particular, microalgae, such as Gephyrocapsa (Figure 1, 
A), Dinophysis acuminata (Figure 1, H), and Bacillariophyceae 
(Figure 1, J), are said to be the source of oil. Therefore, 
research is being conducted on culturing these 
microalgae in order to produce biofuels. At present, 
Raphidophyceae (Figure 1, K), Botryococus (Figure 1, L) and 
some other microalgae are drawing attention, as they 
produce a large volume of carbon hydride of carbon 
numbers 30 to 40. The volume of carbon hydride in 
some of these microalgae accounts for 75% of their 
dry weight.[31]
   A problem common to biofuel production is that 
biofuel has to be produced in large quantities and 
that biofuel prices must be low. Since biofuel requires 
larger production facilities than other industrial area 
for microalgae and the cost needs to be kept low, it is 
necessary to always think of enhancing productivity.
   Biofuels produced from microalgae are mainly 
used as alternatives to diesel oil. Palm, sunflower and 
rapeseed oil can also be used as biodiesel. However, 
microalgae can be cultivated throughout the year as 
long as light is available and, compared with such 
conventional plant oils, microalgae are less affected 
by seasonal changes. According to an estimate made 
by Professor Yusuf Chisti at Massey University (New 
Zealand), the production efficiency of microalgae is 
about ten times as high as palm oil, which is the most 
efficient producer of biofuel among plant oils (Table 
1). Moreover, microalgae do not require fertile land 
and arable fields to cultivate and can be cultivated 
regardless of seasonal changes. It can be said that 
microalgae are far more productive than other biomass 
used to produce biofuels.[31]
  Since the chemical structures of biodiesel produced 
from microalgae are similar to those of diesel oil, 
the existing infrastructure for diesel oil, such as 
existing refining and storage facilities, can be used 
for biodiesel, making it possible for diesel vehicles to 
run without their engines being modified. Therefore, 
it will be relatively easy to substitute biodiesel rather 
than to convert to bioethanol, while making use of 
the existing industrial infrastructure. In this way, it is 
highly possible to realize the application of microalgae 
to fuels.[32] In order to distinguish biofuels produced 
from microalgae from those produced from plant oils 
or cellulose, microalgae-derived fuels have recently 
come to be called photosynthetic biofuels or algal 
biofuels.[33]
   In December 2008, the U.S. Department of Energy 
(DOE) sponsored Algal Biofuels Technology 
Roadmap Workshop to comprehend the actual state 
of the basic technology concerning the development 
of biofuels from microalgae and discuss their future 
prospects and target setting.[34] Later, the DOE 
invested $50 million to start and operate an algal 
biofuels workshop and prepare a specific roadmap to 
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promote R&D concerning microalgae-based biofuels, 
out of the $786.5 million allotted for the research 
and commercialization of biofuels last fiscal year.[35] 
The DOE plans to provide $85 million to venture 
companies and universities to help them develop 
biofuels and examine the commercial viability of such 
fuels.[36]
   Australia, which is also blessed with a vast expanse 
of land, has positioned algal biofuels as second-
generation biofuels.[37] In August 2009, the country 
decided to form Algal Fuels Consortium, centering on 
Australia’s Scientific Industrial Research Organization 
(CSIRO), with the aim of promoting algal biodiesel. 
The country said the consortium is expected to start 
developing a low-priced microalgae culture method.[37]
  Meanwhile, Professor Rene Wijffels[38] of Holland’s 
Wageningen University announced that he will 
establish a consortium-type microalgae research center 
(Algae PARC) in 2010 with funds to be provided by 
the farm ministry and related corporations. He said he 
plans to study a highly-efficient cultivation system by 
using a small-scale cultured layer.[39]
   These efforts by various governments started only 
in 2008, led by the United States.
   The research and development of microalgal biofuels 
is now being undertaken by many venture companies, 
mainly in the United States (Table 2). For instance, 
Sapphire Energy, a bio-venture company, announced 
in May 2008 that it has produced renewable 91 octane 
gasoline. Among Sapphire Energy’s investors is 
Cascade Investment LLC, an investment firm owned 
by Bill Gates. The company said it has recently 
established a test and research site in New Mexico 
in order to expand its biofuel production capacity to 
10,000 barrels per day. It aims to start commercial 
production within a few years.[40]
   In addition to venture companies, oil majors have 
also begun efforts to produce next-generation biofuels 
from microalgae. In July 2009, Exxon Mobile Corp. 
formed a business tie-up with Synthetic Genomics 
Inc. with the aim of promoting the research and 
development of next-generation biofuels using 
photosynthetic microorganisms as the means of 
production. Exxon Mobile announced that it will 
spend more than $600 million on the project, aiming 
to develop a biofuel compatible with both gasoline and 
diesel fuels.[43]
   As these announcements indicate, investment in the 
research and development of microalgal biofuels has 
picked up momentum since last year.
   The United States is one step ahead of other 
countries in terms of experimental studies on 
the feasibility of using microalgae to produce an 
alternative to oil, but this does not mean that biofuels 
deriving from microalgae will be commercialized 
any time soon. Still, it indicates that the United States 
has put top priority on the development of alternate 
energies as a national strategy ahead of the expected 
depletion of oil. In particular, U.S. President Barak 
Obama’s “green deal” policy has accelerated the move 
to develop alternatives to oil.
2-3-2 Application to biomass
   New technologies for the future have also begun 
to emerge, such as one to produce necessary 
polysaccharide and other biomasses more efficiently 
by optimizing the metabolic system of microalgae 
with gene-recombination technology and one to make 
Crop Biofuel yield 1 ha
(liter/ha/year)
Land area needed to produce oi l 
meeting 50% of total transport fuel 
needs in the U.S.
 (million ha)
Percentage of land area needed to 
produce oil meeting 50% of total 
transport fuel needs in the U.S.
 (%)
Corn 172 1,540 846
Soybean 446 594 326
Canola 1,190 223 112
Jatropha 1,890 140 77
Palm oil 5,950 45 24
Microalgae* 58,700 4.5 2.5
Microalgae** 136,900 2.0 1.1
Prepared by the STFC based on Reference[31]
Table 1 : Fuel Production Efficiency of Microalgae in Comparison to Plant Oils
*  30% oil (by weight) in biomass
**70% oil (by weight) in biomass
16
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
microalgae produce biomasses that are not otherwise 
produced.
   A group of researchers, including Professor Akihiko 
Kondo of Kobe University, has established technology 
to modify the metabolic pathways of microorganisms 
by using what is called arming technology, which is 
a genetic recombination technology. This technology 
gives a new metabolic capability to cells, such as 
yeast and grass bacilli, by making them produce 
enzymes that they do not inherently produce. The 
microorganisms produced in this way are called 
arming yeasts or arming grass bacilli. The research 
group has succeeded in experimentally producing 
ethanol, amid acid and lactic acid from celluloses, 
which are not inherently a resource. The technology 
has opened the way to utilize plants’ unedible 
celluloses and simplify multiple enzyme reactions.[44]
   If arming microalgae can be produced by 
employing this technology, it may be possible to cause 
fermentation by using sugar produced by microalgae. 
It is hoped that this method will lead to biomass 
production that does not compete with foods.
Toward industrialization
3-1 Industrial culture technique
   Along with rising expectations for microalgae, 
it has become necessary to develop technology to 
industrially and efficiently produce the required 
amounts of microalgae. In particular, it is essential 
to establish culture techniques ranging from small to 
large-scale culturing. It is also necessary to enhance 
productivity based on individual culture methods and 
accumulate knowhow with regard to ensuring quality.
   In the case of producing relatively small amounts 
of medicine, food and feed, which require purity and 
safety, an enclosed culture system (Enclosed System) 
(Figure 6 (a)) is used. In the case of biofuel and 
biomass, large-scale yet low-cost production methods 
are required. Currently, as a large-scale culture 
method, culturing in open spaces such as ponds (Open 
Pond System) has been employed (Figure 6 (b), (c)).
   At present, such methods are a long way from being 
efficient. In particular, the development of a culture 
method to industrially produce low-priced products 
in large quantities is still at the study stage. A study is 
now under way to develop an enclosed culture system 
that utilizes light more effectively than open culture 
methods and is suitable for low-priced, mass culture.[46]
3-2 Value of products and production cost
  According to Professor Rene Wijffels of Holland’s 
Wageningen University, the cost of mass culturing 
microalgae with currently-available technology comes 
to €4.02/kg (about \520/kg) in the case of cultivation 
size of 100ha. He said the cost can be reduced to €0.4/
kg (about \52/kg), if production technology advances 
in the future.[47]
   As to the value to be obtained from 1kilogram 
of microalgae, Wijffels also assumed diversified 
products, such as those we mentioned earlier. He 
estimates the overall profits from various products, 
such as proteins, lipids, and sugars, come to €1.65/kg 
(about \210/kg). He said, with the current production 
cost of €4.04/kg, it is difficult to commercialize such 
products but that if the production cost is reduced to 
around €0.4/kg in the future commercialization will 
become possible.[47]
  In order to reduce production costs, it is very 
important to sort out strains that produce specific 
substances in large quantities, and develop a low-
U.S.
・A2BE Carbon Capture  ・Algae Floating systems  ・AlgaeFuel ・Algae Fuel System  ・AlgaeWheel  
・Algenol Biofuels   ・Algoil Industries ・AlgroSolutions ・Aquatic Energy ・Aurora Biofuels・Bionavitas 
・Blue Marble Energy ・Bodega Algae ・Cellana ・Chevron Corporation 
・Circle Biodiesel & Ethanol Corporation ・Community Fuels ・Diversified Energy ・Energy Farms   
・Global Green Solutions ・Greenshift ・Green Star Products ・HR BioPetroleum ・Imperium Renewables 
・Infinifuel Biodiesel ・International Energy ・Inventure Chemical ・Kai BioEnergy ・LiveFuels 
・Organic Fuels ・OriginOil ・PetroAlgae ・PetroSun ・Phycal ・Sapphire Energy ・Seambiotic ・Solazyme   
・Solena Group ・Solix Biofuels ・Sunrise Ridge Algae  ・Sunx Energy ・Texas Clean Fuels 
・Valcent Products ・Vertical Algae Biofuel Growing ・W2 Energy
Europe ・AlgaeLink  (Netherlands) ・Bio Fuel Systems  (Spain) ・Enhanced Biofuels & Technologies  (UK)   
・Kwikpower International  (UK)
Others ・Algae Fuel Systems  (Canada)   ・Algodyne Ltd (Israel) ・Aquaflow Bionomics Corporation  (New Zealand)・Enhanced Biofuels & Technologies India Ltd  (India) ・Oil Fox  (Argentina) ・Seambiotic Ltd (Israel) 
Table 2 : Venture Companies Established to Produce Microalgal Biofuels
Prepared by the STFC based on Reference[41,42]
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cost cultivation technique and methods to extract and 
purify multiple products efficiently.
Challenges facing Japan in 
promoting study on microalgae
   As we examined in Chapter 2, microalgae can be 
applied in a broad manner in the red biotechnology 
field (medicine and health), green biotechnology field 
(agriculture and fisheries, environment), and white 
biotechnology field (industry and energy). However, 
research on microalgae and moves to industrialize 
them in Japan are not yet active. Here we would like 
to discuss the reasons for the slow progress and the 
future challenges facing Japan.
4-1  Establishment of scientific and academic 
societies focused on microalgae 
biotechnology
  First of all, microalgae research in Japan is 
being conducted only within segmentalized fields 
while basic or applied science fields centering on 
microalgae have yet to be established. Therefore, 
no academic association has been well organized. 
Existing academic associations are like hobby clubs 
dealing with only one microalga, raising no hopes of 
developing diversified technologies and knowhow 
common to microalgae. For instance, their activities 
are separated depending on fresh-water microalgae 
and marine microalgae. This seems to have narrowed 
researchers’ vision.
  The technology to assess, sort out and make use of 
microalgae that are useful for specific products from 
among the various microalgae possessing biodiversity 
can be called a common fundamental technology. 
Japan is blessed with diverse microalgae, both fresh-
water and marine microalgae. Meanwhile, in each 
field, studies have been accumulated concerning 
individual microalgae. However, academic 
associations and researchers have no opportunities to 
make use of such studies in a comprehensive manner.
  There are many microalgae-related biotechnologies 
that can be commonly used in various industries. 
Information fed back from other industrial fields 
should be greatly helpful. In order to share and make 
wide use of biotechnological information on research, 
development and technology in the fields of red bio, 
green bio, and white bio, it is necessary to treat the 
three biotechnology fields as a new comprehensive 
science discipline, for example, as microalgae 
utilization biotechnology, and reorganize researchers 
and academic associations.
  Specifically, it is important to promote research 
activities that will form common bases for microalgae 
contributing in the various fields of medicine, health, 
environment, energy, agriculture and fisheries. For 
example, it is necessary to develop a technology to 
sort out microalgae for respective objectives, a highly-
efficient culture technology for mass production, and 
recombinant technology using microalgae as hosts.
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Figure 6 : Various Culture Methods for Typical Microalgae
(a) Medium-sized enclosed culture system (Akkeshi 
Town Oyster Breeding Center[19]; Akkeshi Town, 
Hokkaido; Photo provided by Sumi). Chaetroceros 
calcitrans is produced and cultured automatically in 
500-liter, slim containers.
(b) Large-scale open culture tanks (Yaeyama Shokusan 
Co.)[45]; Ishigakijima, Okinawa; Photo provided by 
Sumi)
(c) Large-scale open raceway culture system[46]
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4-2 Establishing a collaboration system on 
the premise of industrialization
   Industries concerned with microalgae cover a wide 
range of fields, including medicine, health, environment, 
energy, agriculture and fisheries. Therefore, it is necessary 
to establish a system to lead basic technologies developed 
in academia to effective utilization in development 
research, such as a system for collaboration among 
industry, academia and government.
  As we described earlier, Algal Biofuels Workshop 
was inaugurated in the United States under the 
auspices of the Department of Energy. In Australia, 
moves to organize Algal Fuels Consortium, which 
is aimed at promoting algal-derived biodiesel, are 
expected to start under the leadership of the Scientific 
Industrial Research Organization (CSIRO). These 
moves demonstrate that governments and industries 
are working together to establish forums and an 
environment to foster a new industry concerning 
microalgae.
  In Japan, a marine bioindustry cluster project 
is being conducted by Hakodate city, Hokkaido 
(the project started in fiscal 2009). The project is 
designed to foster new industries in such fields as 
acquiring bioactive substances, ensuring the safety 
of microalgae and other marine products, detecting 
toxic microalgae, forecasting oceanic environment, 
and securing oceanic biomasses, by utilizing the 
marine biotechnologies clustered in Hakodate city, 
such as 1) ubiquitous technology to forecast marine 
environment, 2) bioenergy sustaining technology, 3) 
bioactive compond-production technology, and 4) 
bio-farming technology. However, the project is not 
specifically focused on microalgae technology.
  It is necessary to form an industry-academia-
government consortium focused on fostering and 
supporting the three biotechnology fields described 
in this report as soon as possible by consolidating 
microalgae-related technologies. In particular, it is 
necessary to promote the application of cost-conscious 
culture methods and other basic technologies.
4-3 Drawing up road maps toward actual 
application of technologies
  Microalgae biotechnologies have the potential to 
provide huge benefits to the industries of the 21st 
century and enrich human life. In order to realize it, 
it is necessary to draw up a comprehensive roadmap 
encompassing life science, environment, energy, etc. 
with the standpoint of promoting research activities 
ranging from basic-level research to industrialization, 
and put budget and manpower into research and 
development according to the roadmap.
  Already, new products are being produced in 
two different ways on a trial basis. One method 
is to produce high-value-added products, such as 
Product
 (ingredient) Use
Volume 
(kg)
Unit (euro/
kg)
Value 
(€)
Proteins
Foods 100 5 500
Feeds 400 0.75 300
Lipids
Chemical industry 100 2 200
Biofuel 300 0.5 150
Sugars Sugar biomass 100 1 100
Oxygen 
production
Immobi l izat ion of 
carbon dioxide 1,600 0.16 256
Removal of 
nitrogen Water purification 72 2 140
Overall value 1.65 1,646
Assuming that it is possible to obtain 400kg of lipids, 500 kg of protein and 100 kg of sugar from 1,000 kg of 
microalgae, their respective value is calculated. From 400kg of lipids, 100 kg of chemical materials (€2/kg) (equivalent 
to biomass in this report) and 300 kg of biofuel (€0.5/kg) are obtained. From 500 kg of protein, 100 kg of food (€5/
kg) (including nutraceuticals) and 400 kg of feed (€0.75/kg) are obtained. 100 kg of sugar (€1/kg) is equivalent 
to biomass in this report. In addition, 1,600 kg of oxygen (€0.16/kg) is generated. Since this is a result of the 
immobilization of carbon dioxide, it has a value in terms of CO2 emission rights. The value of the environmental 
purification effect is calculated as the removal of 70 kg of nitrogen (€2/kg). All this adds up to €1,646 (€1.65/kg), 
suggesting that profit could be made if production cost is reduced to €0.4/kg (€400 per 1,000kg).[47]
Table 3 : Value of Products Produced by Microalgae
Prepared by the STFC based on Reference[47]
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medicines and nutraceuticals (small-scale production 
of high-priced products) and the other method is to 
produce commodity biofuels (mass production of 
low-priced products), which is being experimented 
with in the United States and Australia. In the 
United States, the Department of Energy has begun 
to draw up a roadmap based on the movements of 
venture companies focused on microalgal biofuels. 
In the Netherlands, the government is supporting a 
consortium to draw up a comprehensive roadmap 
to utilize multiple products to be produced by 
microalgae. 
   In Japan, the industry, academia and government 
have yet to come up with a specific idea of whether 
to promote basic technologies on an all-round basis 
or to take an approach focused on specific fields. For 
instance, a roadmap for the near future presented by 
the Ministry of Economy, Trade and Industry does not 
have “microalgae” in its items.
   The new industry for the three biotechnologies 
described in this report comes under the jurisdiction 
of more than one ministry or agency. Therefore, it 
is necessary to draw up a roadmap from a broad 
standpoint going beyond the boundaries of ministries 
and agencies. It is a pressing issue for Japan to lay 
the groundwork for the application of microalgae, so 
that the microalgal technologies which Japan already 
possesses can be fully utilized.
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I am convinced that microalgae are worth researching, as they hold promise for our future. If 
people in various fields join forces, I am sure Japan will become a world-leader in science and 
technology. Japan will create a sensation and change the world.
(Original Japanese version: published in September 2009)
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Regional Foresight Scenarios in Germany
— IT and the Media in Baden-Württemberg in 2020 —
Tsuneo ichiguchi
Information and Communications Research Unit
Yoshiko Yokoo
General Unit
Introduction
   The Research Project for Current and Future IT 
and Media Technologies and Their Use in Baden-
Württemberg―FAZIT[NOTE 1][1] (Forschungsprojekt 
für aktuelle und zukunftsorientierte Informations- 
und Medientechnologien und deren Nutzung in 
Baden-Württemberg) has been operated in Baden-
Württemberg in Germany under a sponsorship of 
the state government. A research report volume 15 
“The IT and Media World in Baden-Württemberg 
in 2020—Four Kinds of Basic Scenarios”[2] was 
published in August 2008 as an outcome of the project. 
This scenario report is the second part of a trilogy 
that begins with research report Vol. 10, published 
earlier, entitled “Delphi Report: Future Information 
and Communication Technologies”[3] and ends with 
research report Vol.19, published in June 2009, entitled 
“New Market through IT and Media—The FAZIT 
Roadmap Process.”[4] They provide detailed reports 
in three steps: the Delphi-study and its analysis, the 
development of scenarios, and the roadmap-making 
process. 
     Since these reports are region-oriented foresights, 
terms such as “nation” and “federation” are rarely 
mentioned except in the context of a comparison or 
relationship among other states and regions. Regional 
features and characteristics are ref lected in the 
scenarios and the roadmap. This leads to a conjecture 
that there are circumstances specific to the state of 
Baden-Württemberg behind this project. There may 
be an intention to structurally transform from the 
currently dominant automobile and machine industries 
to the IT industry, or an intention to promote the IT 
and media industries.[5]
     Another characteristic feature of the scenarios 
in FAZIT report Vol.15 is that each of the four basic 
scenarios describes the respective everyday life of 
four main characters in the form of specific stories. 
The world in these stories is not necessarily seen 
through rose-colored glasses; instead, they try to 
[NOTE1] : FAZIT[1]
   FAZIT is a research project funded by the state government of Baden-Württemberg, and it was implemented 
from 2005 to the spring of 2009 in order to study new markets for innovative IT and media technology. The 
project is made up of the survey of enterprises and the foresight. The surveys analyze short- and medium-term 
outlooks for the use of IT and the media by studying the IT and the media industries as well as key ICT user 
companies. The foresight consists of three parts; predictions of technological, social, and economic trends (Delphi 
surveys), descriptions of future feasibilities of the state (scenario-making), and steps toward new opportunities 
of market, business, and research (roadmap creation). The results were compiled into 14 research reports and 5 
foresight reports by major topic such as outsourcing of business process, ambient society, or open access, etc. 
   The project, FAIT, was conducted by MFG Stiftung Baden-Württemberg, which has two joint research 
organizations. Zentrum für Europäische Wirtschaftsforschung (ZEW) was responsible for the survey of 
enterprises and preparation of statistical materials, and Fraunhofer-Institut für System- und Innovationsforschung 
(FhG/ISI) for foresight. The report introduced in this article has been prepared mainly by FhG/ISI. 
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describe plausible futures or social feasibility in an 
extensive and neutral manner as much as possible 
by introducing contrasting characters and settings. 
It is also quite interesting to see a combination of 
multiple methods having been used in the process of 
developing these scenarios; such methods include the 
matrix method, cluster analysis, and Delphi surveys. 
   Our article introduces the details of FAZIT report 
Vol. 15, which is the excellent outcome of foresight 
activities in the region and is characteristic in 
presenting neutral and specific scenario stories. Some 
local governments in Japan have presented the vision 
for the future of their region; however, their scenarios 
or roadmaps are not as detailed as those of FAZIT. 
Thus, the FAZIT scenario report will serve as a good 
reference for regional foresight in Japan. Overview 
of Baden-Württemberg and the foresight activities in 
Germany, incidentally, are described shortly in the 
notes at the end of this article.
Four kinds of Plausible Scenarios
2-1   Considerations on four issues
     The first part of the report describes four specific 
stories representing Scenario A to Scenario D that are 
outcomes of the scenario-making process. And then 
detailed explanations of how these stories were drawn 
up. Of course, the four kinds of basic scenarios and the 
stories were not set up from the beginning, but were 
induced as an integrated result of background studies, 
trend descriptions, and a scenario-making process, etc. 
The basic scenarios described here are not normative 
scenarios that described desirable futures, but they are 
neutral and plausible scenarios. They describe a future 
that may actually happen in association with several 
issues. 
   During the scenario-making process, the following 
four specific issues were considered with respect 
to how the future environment surrounding IT and 
media will be like in Baden-Württemberg in 2020.  
1) What kind of new ICTs are being used?
2) How will labor conditions have changed through 
ICTs?
3) How will the ICT industry have been developed in 
Baden-Württemberg? 
4) What kind of achievements will IT and media have 
made in professional and continuing educations?
     The four kinds of basic scenarios include some 
of the issues above, and each scenario focuses on 
one of the issues in particular: specifically, new ICTs 
(issue 1) are strongly reflected in Scenario B, labor 
conditions (issue 2) in Scenario A, ICT industry (issue 
3) in Scenario D, and education associated with IT 
and media (issue 4) in Scenario C. Scenes from the 
everyday lives of the main characters are depicted 
in order to provide a specific image of the basic 
scenarios. Contrasting situations are also depicted 
by bringing the friends and former workplaces of 
the main characters into the story, which ensures 
the neutrality of the story. Individual technologies or 
devices appearing in each story are expected to be 
available by 2020 according to the Delphi study3] 
conducted in the preceding year. 
2-2 Four stories: the outcome of the scenario-making 
process
   Scenario A: “A Woman Working Flexibly 
through the Use of Virtual Environments”
   Ms. A is a software engineer who has moved 
from a machinery company to a medical technology 
company. She is now engaged in the development 
and integration of software components that are 
embedded in products. On the first day of work 
at a new company, her colleague in the IT service 
team gives her explanations on the authentication 
system, automatic document management system, 
and company-wide integrated intelligent system. 
The video conference system and support software 
for project coordination are also explained. Thus, 
intelligent environment of her office is customized to 
reflect her personal preference. The ultrahigh-speed 
internet enables real-time simulation of software as 
well as online discussion on a proposal from project 
members around the world. 
   In a conversation with her colleagues during 
lunch break, Ms. A tells them that the company she 
previously worked for had moved its production 
abroad to reduce personnel costs and meet 
environmental protection standards, but was reluctant 
to introduce advanced ICTs and video conferences, 
which is quite different from the current workplace. 
At her current workplace, she can hold conference 
with partners abroad in a virtual environment, and 
telework is also an option. Although not all her 
colleagues agree, the outsourcing of production does 
not seem to pose a problem for industries within the 
state since the development and planning sections 
2
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remain in the state and outsourcing may help to get 
new customers. Nonetheless, her colleagues continue 
to discuss whether the state’s stringent environmental 
standards will benefit the local industry or lead to its 
decline.
   After coming back to her office, Ms. A searches for 
an e-learning course on computer tomography, but it 
is not offered. She then applies for a course for further 
education on basic medical technology. Though local 
universities offer these courses inexpensively, they 
do not meet the advanced needs for the business and 
public sectors. Knowledge transfer among universities 
and industry has yet to function in terms of the 
provision of educational programs. She recognizes the 
necessity for a higher level of continuing education 
that can enhance professional skills. She is one of the 
highly qualified employees and is treated differently 
from those who do not use ICT. She is interested 
in using new ICT for her career, but many other 
people use new ICT and network services only for 
entertainment purposes. 
   Scenario B: “An Empowered ICT User”
   Mr. B is a production manager at a manufacturing 
company. As his vehicle enters a highway on the 
way to work one morning, he shifts the vehicle 
assistance system to the auto-drive mode, and starts 
reading e-mails and preparing a report using the 
voice recognition system, which turns his speech 
into written report. He also notices that a football 
match will be broadcast today from an e-newspaper 
that appeared on the front glass display. He then 
arranges to see the game with his son after work. 
The intelligent vehicle he is driving receives traffic 
information, chooses the best route automatically, and 
finds a parking space.
   The company Mr. B works for has transferred its 
production lines abroad and is now able to compete 
globally. But even today, much of the research 
and development activities are performed in the 
headquarters in Baden-Württemberg, and instructions 
are delivered from the headquarters through the IT 
network system. After Mr. B arrives at the office, he 
holds a video conference with software developers 
in India and with the production planning team of 
the local office in Germany. After the conference, 
an inquiry is sent to his mobile personal computer, 
whose images can be projected on a computer screen 
and intelligent whiteboard. It is a job offer from a new 
environmental company that has created a boom in the 
state and is also globally successful. He declines the 
offer this time and recommends one of his colleagues. 
The environmental company is looking for an expert 
in the development of alternative energy resources for 
small-electronic devices.
   Mr. B leaves his office at three o’clock in the 
afternoon and watches a 3D-broadcast of the football 
game with his son at the Palace Plaza. An intelligent 
projector displays a realistic holograph image of 
players on the field and he feels as if he were in the 
Olympic stadium where the actual match is taking 
place. Information about his returning home is 
sent by wireless to the central control system of his 
intelligent house, which automatically turns on the 
heater and the home media server. This media server 
stores all media, including the family’s private videos 
and e-mails. After coming home, he works in his 
networked home office to examine the maintenance 
protocol of the production facility in South America. 
His son prepares for an exam by reviewing online 
lectures offered in a multi-media format. This 
educational program guarantees an education in 
accordance with one’s own objectives and the learning 
plans are developed with the participation of potential 
future employers. 
   Scenario C:    “ New Academic Elite”
   Mr. C is a professor of software engineering for 
intelligent environments at an excellent University. 
He engages in developing a new teaching module 
for graduate students in this morning. The module is 
highly practical; for example, it enables a company 
to provide teaching materials if the combination of 
sensor, software, transfer method, and terminal is only 
determined.
   This university maintains close contact with private 
companies, having a favorable impact on career 
opportunities for both students and researchers. 
Professor C receives support from private companies 
not only for system design, but also for education 
materials, software, devices, and the shared use of 
experimental facilities.
   At the colloquium which Professor C attends, 
participants are able to see the movies and simulation 
images used in the lectures in real time on laptop 
computers and Personal Digital Assistants (PDAs). 
Also, the personal computers and PDAs of the 
participants at remote locations are automatically 
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connected through an ad-hoc network. The content 
of the colloquium can be called up later to study for 
an exam or to use as a material of self-motivated 
e-learning.
   Later, Professor C talks with his colleagues about 
the progress of research projects that he has launched. 
He is focusing on two researches in particular. One 
is an immersive system for entertainment and 3D 
role-playing with virtual-reality. Another is research 
on the recognition of intention, such as how to 
recognize and predict human behavior using sensors, 
a motion profile, and biometric data. This technology 
can be used to prevent terrorist from attacking by 
recognizing his intention. The consumer goods 
industry, department stores and automobile industry 
show strong interest in these research projects.
   Professor C is satisfied with the current working 
conditions; however, those who work for universities 
not listed in the “excellence” category feel frustrated 
with their conditions. They do not receive fully 
financial support from the state and companies, 
and they must engage mainly in teaching instead of 
research activity. 
   Scenario D: The ICT Sector after Experimental 
Phase
   Mr. D is the management executive of a medium-
sized IT services company. Today, he gives 
explanations to new contract employees about the 
Computer Support Cooperative Work (CSCW) tool 
used for distributed project works. A large-scale trial 
experiment for virtual working styles was launched 
two years ago, and various automated equipments 
and environments such as virtual conference room 
and collaborative software had been tested. However, 
in the end, only this CSCW tool was adopted. This 
is because other equipments and technologies had 
neither improved the company’s outputs and efficiency 
nor reduced its costs. The expertise of this company 
can be exploited potentially through personal contact 
and direct negotiation with customers and partners. 
So it was decided to shift back to the old method 
after all. That may be mainly due to the unique 
circumstance of this company because many other 
IT and media companies adopt and utilize automated 
tools successfully. 
   Mr. D’s company used to carry out website creation 
and corporate network programming, but it is 
currently involved in ergonomic navigation systems 
and web services for automobiles. The automobile 
companies are its main customers at present. 
Although many experts suggested that adaptive 
systems would be promising, but in fact, the users 
did not respond favorably to new kinds of automated 
networks, automated terminals, or adaptive systems. 
In the end, these technologies are established only in 
the security region such as authentication and access 
control. Other adaptive systems like location-based 
services were also tested but the commercialization of 
them are not established yet due to the small number 
of users and the price issue. Consumers are becoming 
even more cautious about these technologies after 
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cases of privacy abuse and scandals. In contrast, 
a social network of website is being used actively 
among friends and within communities. Thus, Mr. 
D’s company is developing new services in this area. 
For instance, it would be promising to develop a 
membership service of car rideshare system using a 
non-commercial platform.
   His company recruits on campus at the local 
universities but has not been involved very much in 
industry-academia cooperation through education 
programs or joint research. Overall, E-learning is 
scarcely functioning both at industrial firms and at 
universities. Although many learning materials are 
provided online, they are not used very much by 
employees and students. It is perhaps because they 
find them non-creative. There is not enough funding 
to integrate these materials into the latest intelligent 
system.
2-3 Characteristics of each scenario
   Scenario A focuses on how the working life will 
have progressed and how the working environment 
will have changed by 2020 through the introduction of 
ICTs. It also mentions related topics, such as industry-
academia cooperation and professional education as 
well as the outsourcing of production and IT-based 
offshore procurement. In Scenario A, the virtualization 
of the working environment has advanced, but new 
ICTs have not been universally accepted, revealing an 
uneven situation in 2020. This is because the frame 
of mind towards technological innovation, which 
varies from individual to individual, influences the 
acceptability of ICTs at workplaces, schools, and in 
private lives. Thus, the virtual environments for labor 
and education have been introduced in accordance 
with an individual level of acceptability. Consequently, 
there is a wide disparity between those who benefit 
from IT and those who do not. The scenario suggests 
that there will be no balanced benefits or criteria 
of goals if there are no overall guidelines about the 
development of IT and the media.
   In a world like Scenario A, the economy and 
society are highly fragmented. In addition, the 
scenario shows that the knowledge transfer hardly 
occurs between universities and companies due to 
the poor networking, and that the most advanced 
education programs and tools are not available for the 
professional education. 
   Scenario B depicts a wide variety of uses of new 
ICTs in the personal environment together with 
interfaces of working and educational environments. 
The story as a whole is dominated by a positive 
atmosphere and expectations for new technologies 
without negative attitudes. In this scenario, network 
technologies have been widely adopted in everyday 
life. Residents create an always-on society, where they 
can get adequate services according to their situations 
and locations. The virtual environments for working, 
education and entertainment have also advanced 
greatly.
   Residents consistently respond positively to 
technology innovation, which, in turn, promotes the 
further development of technology, creating a virtuous 
circle. Moreover, as a result of advanced knowledge, 
residents can acquire a wide range of expert 
knowledge by using new technologies and media. 
Students receive excellent professional education 
that ensures the future expertise of each student. 
Advanced ICTs are effectively used to facilitate 
offshore production, and the state policies for energy-
saving and environment have made a favorable impact 
towards promoting new technologies. Scenario B is 
the only scenario where the society and communities 
maintain a feeling of togetherness.
   Scenario C describes industry-academia cooperation 
through professional education and research activity 
in the ICT field. The important key of this scenario 
is knowledge transfer in science and technology, 
particularly in applied technology. While various 
cooperative relations between academia and industry 
are seen in 2020, universities split into excellent and 
non-excellent universities.
   Scenario C is similar to Scenario A in the sense 
that they both point out the issue of fragmented 
society caused by advanced innovation. While 
there are competent and highly efficient researchers 
and companies, most people are not involved in 
the dynamic development of ICTs. For example, 
many companies have given up introducing virtual 
environments into the workplace and for education. 
Although residents are interested in and are aware of 
technological innovation, their acceptance of it is not 
necessarily high. This is the main cause of the social 
fragmentation. This kind of skeptical attitude toward 
the future is impressive in this scenario. However, 
Baden-Württemberg has still advantage because 
various methods have been adopted for knowledge 
transfer between academia and industry, and because 
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professional education has been successful. 
   Scenario D describes the development of the ICT 
industry in Baden-Württemberg. It starts with the 
preposition that not all the IT and media technologies 
foreseeable at present will lead to a successful 
business model. Various ICTs will have been 
developed by 2020 but many of the expected changes 
in the society are yet to be brought about. Thus, the 
ICT development period up until 2020 is considered 
merely as a trial period.
   Scenario D as a whole is more pessimistic than the 
other scenarios. It presents situations where seemingly 
installable new ICTs are often left to stagnate without 
being accepted, particularly in working and personal 
environments. Residents have a low acceptance of 
technological innovation. Or rather, most of them are 
actually resisting digitization. Only the minimum 
extent of new technologies has been adopted, and 
it is far from a ubiquitous society. Scenario D is 
characterized by unity within small groups or 
organizations, and by fragmented society as a whole. 
Innovative methods of education, such as e-learning, 
have not been widely adopted and the importance of 
face-to-face personal contact is emphasized in the 
business world. 
Method and Process of Foresight
3-1   Methodological approach: Outline of Process 
   The aim of this study is to understand as many 
elements as possible in relation to the future 
development of the ICT and media sectors in Baden-
Württemberg. Therefore, it is insufficient to draw 
up an ordinary scenario that describes the specified 
development through discussions of individuals or 
a small number of people. In this section, possible 
development directions (or trends) are listed by 
combining several explorative methods, and the 
influences of mutual effects of d velopments are also 
considered. 
   The following six steps have been employed in order 
to establish explorative scenarios (Figure 2):
1) Analysis of the issues and circumstances, and 
setting of related influence fields,
2) Determination of descriptors and the verification 
study for them,  
3) Discussions on possible development directions of 
the descriptors and figuring out them, 
4) Evaluation of relevancy and consistency among 
development directions, 
5) Assessment of the possible number of scenarios and 
mapping of foresight packets with software support, 
6) Translation of the results concerning development 
directions into the future image.  
Each of the steps is described in the sections below.
3-2 Defining influence fields
     To extract key influence factors for the IT and 
Source :  Reference[2]
Figure 2 : Flow of Scenario-making Process
Source :  Reference[2]
Figure 3 : Six “Influence Fields” on IT and Media 
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media sectors in Baden-Württemberg, the current 
results of ICT monitoring were selected and some of 
the foresight results and other scenario processes were 
analyzed. The following issues were also considered 
in order to identify influence fields: 
1) What will IT and media environments look like in 
Baden-Württemberg in 2020?
2) What themes will be most important, what sectors 
will be related to the development of ICTs, and how 
different will be the situation in Baden-Württemberg 
from that in other regions? 
3) What kinds of IT and media technologies will 
be used by residents and companies in Baden-
Württemberg? How will such technology have 
changed the life and work of residents?
4) How important are the IT and media sectors in 
Baden-Württemberg?
   These issues were discussed at a one-day workshop 
of the project to identify six types of influence fields 
(Figure 3) that may critically affect the development of 
IT and media sectors. Among the six influence fields, 
one is associated with the technological development 
itself, one is the national framework, and the other 
four are regional influence fields particularly related to 
Baden-Württemberg. 
3-3 Descriptors, their development directions, and 
feasibility
   In order to prepare trends or descriptors for each of 
the six influence fields, an expert workshop was held 
on November 28, 2006. About 40 experts, including 
researchers in science and engineering and experts in 
IT and media industries were invited to participate, 
and 18 of them actually took part in the workshop. 
They were divided into two working groups to 
extract a series of descriptors and discuss the possible 
directions of development for these descriptors (Table 
1). At the plenary meetings at the beginning and the 
end of the workshop, discussions were held on the 
most important themes for the future IT and media 
as well as the strengths of Baden-Württemberg. After 
the workshop, a verification study and justification for 
the identified descriptors and development directions 
were carried out based on the literature and internal 
expert’s opinions. 
   The four stories of scenario A to D described earlier 
were prepared based on the total of 20 descriptors 
listed in Table 1. Each descriptor has two to four 
development directions and there are 51 directions in 
total. After omitting the development directions with 
no consistency or relevancy, 44 directions are listed in 
Table 1. The table also gives numerical values of the 
feasibility of each development direction in the four 
scenarios from A to D. The feasibilities are shown as 
percentages for each descriptor. The translation of the 
development directions to the future images and their 
relationships with the scenarios are described just after 
each story in the original FAZIT report. However, we 
describe the relationships in a later section according 
to the scenario-making sequence. The outcomes of 
the above-mentioned workshop by experts were used 
for setting up each thesis of Delphi survey conducted 
in May–June, 2007. The results of the FAZIT-Delphi 
study[3] were used to develop the scenarios. 
3-4  Assessing consistency
   To assess the consistency and relevancy among 
the possible development directions of the 20 
descriptors, a week-long workshop was held, in which 
six experts of the Fraunhofer Institute for Systems 
and Innovation Research (FhG/ISI) participated. 
Firstly, the consistency of development directions in 
different descriptors was checked and rated at five-
grade evaluation (Figure 4). If two of the development 
directions are inconsistent and conflict with each 
other, the score is 1. If they are poorly consistent, it is 
2. If they are neither consistent nor conflicting, it is 3. 
If they are mostly consistent, it is 4. If they are highly 
relevant with each other, it is 5. When there was a 
contradiction, as in the score of 1, the combination 
was removed from the scenario making process since 
the occurrence of both development directions at the 
same time cannot be envisioned in 2020.
   Two descriptors have four development directions, 
seven descriptors have three directions, and eleven 
descriptors have two directions. Thus, there is a total 
of 1,231(= {4×(51–4)×2 + 3×(51–3)×7 + 2×(51–2)×11} 
/2) frames to be filled with the five-grade score. This 
method can measure the consistency of both positive 
and negative directions. The consistency assessed in 
this way was used as a reference to narrow down the 
combinations of development directions described 
in the following section. It is also used for the factor 
analysis to determine the number of necessary 
scenarios.   
Q U A R T E R L Y  R E V I E W  N o . 3 4  / D e c e m b e r  2 0 0 9
29
Descriptor Development Directions Scenario
Development of technological application (technology) A B C D
#1 Technological networking (1a) Realization of always-on connection (1b) On-demand and customer-based networking
2
98
29
71
0
100
0
100
#2 Adaptive system and sensor enabling 
services according to the situation 
and location
(2a) Widespread use
(2c) Limited use
51
49
94
6
22
78
0
100
#3 Virtual environments for work and 
education
(3a) Wide adoption of Virtualization
(3b) Limited adoption of Virtualization
47
53
3
27
17
83
44
56
#4 Virtual environments for 
entertainment
(4a) Widespread use
(4b) Limited use
100
0
100
0
100
0
2
98
Regional demand structure
# 5  Re s i d e n t ’s  o p e nn e s s  t owa r d 
innovation (acceptance of new use) 
in B-W
(5a) Consistent acceptance
(5b) Excitement expressed in behavior
(5c) Off-line
32
66
2
98
2
0
9
91
0
0
60
40
#6 Budget for media-equipments and 
knowledge-
(6a) Large increase in budget for media
(6b) Low budget but high level of expertise
0
100
53
47
4
96
0
100
#7 Growth of self-suppor t ing local 
communities (7a) Independent community becomes significant 94 98 100 94
Regional economic structure
#8 Use of ICTs in existing sectors in 
B-W
(8a) Enhanced use of ICTs
(8b) Partially successful adoption of ICTs
(8c) Offshoring and outsourcing by ICTs
(8d) Other influence factors
0
9
64
28
41
2
57
0
4
13
43
39
0
0
52
48
#9 Development of the IT and media 
industries in BW
(9b) IT economy turns to international market, and media sector 
becomes a leading sector
(9c) IT economy turns only to existing sectors, and media 
sector becomes a leading sector
(9d) IT economy turns to international market, and media sector 
loses importance and prominence
43
53
4
78
22
0
43
52
4
0
0
100
#10 Importance of BW as a place of 
various sectors (10a) All businesses are local. 100 100 100 100
Conditions for social and national economic framework
#11 Social togetherness (11a) Community with an uplifting feeling(11b) Social divide
34
66
65
35
4
96
21
79
#12 Environmental protect ion and 
energy issues (Climate change and 
end of fossil fuel)
(12a) Environment-energy regulations damage German 
economy.
(12b) The regulations strengthen the site by developing 
technologies
100
0
12
88
0
100
88
13
#13 Work-life balance
(13a) Blurring between work and private life
(13b) High flexibility
(13c) Cocooning trend (Social withdrawal)
21
49
30
22
63
16
30
26
43
10
50
40
Regional structure of scientific research
#14 Network of knowledge and industries
(14a) Successful knowledge transfer as a decisive condition of 
the site location
(14b) Limited knowledge transfer
2
98
88
12
100
0
15
85
#15 Advanced research and access to 
the knowledge
(15a) The state economy develops due to competition among 
the elites.
(15b) Wide access to knowledge and education by state 
scientific policy
36
64
14
86
78
22
42
58
#16 Use of multimedia and online for 
learning (e-learning)
(16a) Common use of e-learning
(16b) E-learning adopted only in specific fields as an adjunct
(16c) E-learning yet to be established
2
74
23
24
57
20
0
87
13
0
0
100
#17 Professional education for futuristic 
fields
(17a) Successful education on futuristic themes 
(17b) Important new trends are not covered.
77
23
98
2
100
0
94
6
Framework of state policies
#18 Innovation policies
(18b) State policies stress traditional sectors.
(18c) State policies stress new sectors and downgrade existing 
sectors
6
94
10
88
0
100
100
0
#19 The state initiative in IT and media (19a) Active involvement in IT and media (19b) IT and media is less important theme.
11
89
41
59
0
100
0
100
#20 Support for IT and media 
infrastructures
(20a) State investments on infrastructures
(20b) Focusing on private economic activities
2
98
8
92
13
87
0
100
Source :  Reference[2]
Table 1 :  Descriptors, their Development Directions, and Feasibilities (Unit: %)
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3-5 Mapping of packets and the number of 
scenarios
   Two descriptors that show the four development 
directions of (a) to (d) create 16 combinations of 
development directions. In addition, there are seven 
descriptors with three development directions and 11 
descriptors with two directions. Therefore, all possible 
combinations for a total of 51 development directions 
are 71,663,616 (= 42 × 37 × 211). Each combination is 
called a “foresight packet” and one foresight packet 
has one development direction for each of the 20 
descriptors. Since there are too many foresight packets 
as they are, the process for cutting down the number 
of packets is necessary. These foresight packets 
include the combinations of inconsistent and conflict 
development directions that were evaluated as a 
score of 1. Such inconsistent packets were removed 
first. Then, any foresight packet including 10 or more 
combinations with poor consistency, namely, a score 
of 2, was removed. Finally, 168 foresight packets 
remained, dominated by those with a score of 5.
   Next, the following three methods were used to 
assess how many scenarios can be drawn from these 
168 foresight packets: 
1) Factor analysis (a Scree plot) that gives the number 
of independent factors from the eigenvalues of the 
correlation matrix that is a symmetric 51×51-matrix 
of the five-grade score on consistency. 
2) Hierarchical cluster ing analysis using a 
dendrogram. 
3) Mapping analysis, where similarities among the 
foresight packets are expressed by the distance in a 
three-dimensional space. 
After these three methods were performed, it was 
concluded that there were four possible scenarios.  
   Figure 5 shows the similarity mapping for the 
foresight packets, but it is projected on a two-
dimensional plane. Each dot represents one foresight 
packet. The dots are placed into four groups to be 
categorized into four scenarios, although some overlap 
appears due to the two-dimensional projection. 
One foresight packet has 20 development directions 
corresponding to 20 descriptors. However, when 
focusing on one descriptor of a scenario, there are 
multiple development directions as shown in, for 
example, (a) and (b). Based on that ratio, as well as 
considering other factors, the feasibilities of these 
development directions are shown as percentages in 
the right columns of Table 1. 
3-6 Appearances of descriptors and scenario making
   Each scenario story is created by means of 
translating the assessed feasibility percentage of 
development directions into a future scene. Although 
discussions from each stand point of six influence 
fields are provided in the original FAZIT report, 
this article introduces the discussions on two of 
them below, which particularly focus on regional 
characteristics. The numbers shown below correspond 
to the numbers for the descriptors in Table 1. Looking 
Prepared by the STFC based on Reference[3]
Figure 4 : Consistency Assessment of Combinations. Consistency between the Development 
Directions of a Descriptor and the Development Directions of Another Descriptor is 
Assessed According to a Five-grade Score.
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at these discussions, one can better understand the 
relationship between the entire picture of scenario and 
its elements. 
Discussion on  “Regional Demand Structure” 
   In Scenario A, the residents have a wide variety of 
personal views on technological innovation, which 
influence the level of acceptance of ICTs in the 
workplace, in education and in personal life (#5). 
Since virtual environments are adopted depending 
on the acceptance level of each individual and each 
sector, there is considerable disparity throughout the 
entire society. The residents do not spend much money 
on the media although they have knowledge about 
advanced media technologies (#6). 
   In Scenario B, positive attitudes of residents toward 
technological innovation are consistently shown and 
the use of new technology is accepted by almost 
everyone (#5). Most residents spend a significant 
amount of money on the media (#6), which effectively 
influences technological development (#1 to #4), 
generating a virtuous circle. Furthermore, the residents 
have highly advanced knowledge and they enjoy the 
benefit of acquiring a wider range of professional 
knowledge through the use of new technology and 
media (#14 to #17).   
   In Scenario C, the residents are interested in and 
knowledgeable about technological innovation, but 
the level of acceptance is not necessarily high (#5) 
and not much money is spent on the media (#6). This 
remind us that there may be social segmentation 
between the small number of elites who benefit more 
from technological innovation and the majority of the 
general public who do not (#11).
   In Scenario D, the residents’ acceptance of 
technological innovation is low, and most of them 
resist the digitalization (#5). Thus, people do not invest 
much in media (#6), and the use of new technologies 
is limited to the minimum necessary (#1 to #4). The 
situation is far from a ubiquitous society as a whole. 
   A common feature found in these four scenarios is 
that a self-sufficient and independent society becomes 
important (#7).
Discussion on  “Regional Structure of Science and 
Research” 
   In Scenario A, the networking between academia 
and industry does not advance, and knowledge 
transfer hardly takes place (#14). Universities carry out 
researches that are not related to the needs of industry, 
and companies are not interested in long-term 
research. Although the state’s science policy enables 
the residents’ wide access to knowledge and education 
(#15), advanced research tends to be performed only 
by a small group of elite professionals (#15). Some 
specific fields have adopted e-learning, but many fields 
have given up the online multimedia technology for 
learning (#16). Professional education has made some 
achievements through identification and integration 
of future themes; however, important new trends have 
often failed to be explored by putting stress on the 
existing fields (#17). 
   In Scenario B, knowledge transfer between 
academia and industry is successful in many areas, 
but there are still some areas in which no such 
knowledge transfer takes place (#14). Since wide 
opportunities for access to knowledge and education 
are offered to residents (#15), there is no social 
fragmentation between the elite class and the general 
public (#11) even though advanced research by the 
elite group is considered important (#15). E-learning is 
available to some extent, but it lacks a clear direction 
(#16). Professional education addresses future themes 
for individuals, and in that sense, students receive 
Source: Reference[2]
Figure 5 : Mapping of 168 Foresight Packets
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favorable professional education (#17).
     In Scenario C, various methods have been taken 
to enable knowledge transfer between academia 
and industry (#14). Research and education meet 
the demands of science and industrial educations 
(#14). The professional education is also conducted 
successfully (#17). These are the decisive advantages 
in this state. The state economy develops, owing 
to competition among the elites (#15). However, on 
the other hand, there are few opportunities for the 
general public to access advanced knowledge (#15) 
due to the limited use of e-learning (#16) together with 
other reasons. Thus, this scenario indicates the risk of 
becoming a digitally divided society (#11). 
     In Scenario D, knowledge transfer is limited 
between the industry and academia (#14). Despite 
such a difficult condition, professional education in 
future areas has made certain achievements (#17). 
Innovative educational methods such as e-learning do 
not spread widely (#16).
Similarities and Differences in 
Four Scenarios
   As clearly seen in Table 1, development directions 
commonly found in four scenarios are “(10a) 
all businesses are local” and “(7a) independent 
community becomes significant.” Both are important 
trends associated with the conditions of the regional 
economy and regional society. Based on these trends, 
it is predicted that the cooperation within region will 
become even more important and that a number of 
local and regional communities will come into being 
there in the future. In these regional communities, 
for example, the f lows of foods and energy are 
independent from the global market, and the demand 
and supply thereof are regionalized by networking 
among residents in a new way. This trend toward 
regionalization does not mean going back to the past, 
but rather it is a driving force for innovation based on 
new ICT and on the consideration for the environment 
and safety. 
   Another similarity in development directions can 
also be observed in the combination of “science is 
successful in exploring new themes” and “outsourcing 
of production of the existing sector.” The research 
institutes and educational organizations within the 
state are highly adaptable to the future, and are able 
to conduct research and development with the new 
themes. At the same time, however, a partial shifting 
of production to foreign countries is inevitable for the 
existing industries. The outsourcing occurs even in the 
IT industry. As the more advanced ICTs are adopted, 
the overseas production increases more than ever, 
promoting changes in the state’s industrial structure. 
   The simultaneous trends toward globalization and 
regionalization seem contradictory. However, the 
adoption of advanced ICTs is beneficial to Baden-
Württemberg as an excellent center of research and 
development and also effective for the development of 
local communities. It can be interpreted that the trend 
itself is oriented in a similar direction simply with 
different targets.
   There are also some huge differences among 
the four scenarios. Particularly large differences 
are associated with “resident’s openness toward 
innovation (#5)” and “social togetherness (#11),” which 
resulted in totally different scenarios. Such differences 
are shown in Figure 6, where two axes are taken; one 
axis represents “acceptance of new technologies” or 
“skepticism about new technologies,” and another 
axis represents “social divide” or “community with an 
uplifting feeling.” Scenario B and D are located on the 
opposite side of each other. Although Scenario A and 
C basically come closer to the position of Scenario D 
(to be specific, skepticism about new technologies and 
social divide), they are not shown in the figure because 
their characteristics are not as obvious as Scenario 
D. These very differences in the scenarios reveal the 
most critical issues about the future competitiveness Source: Reference
[2]
Figure 6 : Differences in Scenarios with Axes 
of Openness torward Innovation 
and Social Togetherness
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of Baden-Württemberg as an attractive center for the 
IT industry. Specifically, it is crucial to improve the 
residents’ acceptance of the use of new ICTs and to 
prevent the society from fragmentation by reducing 
the digital divide, in order to avoid any negative 
developments as shown in Scenario D.
   Additionally, it is concluded that the following 
three points are also essential: A global strategy of 
IT industry, development and provision of interactive 
media products, and the construction of technological 
infrastructures for networking society. If the existing 
manufacturing industry falls into a crisis situation, 
IT firms may also become embroiled in the crisis. An 
important key to avoiding such a consequence would 
be a restructuring of business operations to develop 
new areas of technology, such as medical technology 
and energy technology, in addition to the relationship 
with global partners. In particular, it is essential for 
the media industry to establish a concept of interactive 
media, with a thorough focus on the development 
of media integration, while making use of the 
existing strengths in publication and internet-related 
services. In order to realize an “always-on” society, 
it is also important to develop the technological 
infrastructures that bring about social networking, 
such as telecommunication networks for all residents, 
intelligent traffic information systems, and online-
learning systems. 
Remarks
   Germany has been developed decentralization of 
power from federal government to state governments, 
and its development of land is balanced with 
large cities dispersed. Japan, in contrast, is quite 
unbalanced, with an over concentration in the Tokyo 
metropolitan area. Particularly in the policy for the 
advanced science and technology, decentralization is 
not practically functioning. To revitalize local areas 
and regions, it is important to have, not short-term, 
but rather long-term foresight and visions based on 
the analysis of regional characteristics. In that sense, 
the FAZIT report shows a great example. That report 
presents a useful method where successful and 
unsuccessful scenarios are examined and compared 
after the discussion of how to transform the industrial 
structure if there is a declining industry in the region. 
Although the FAZIT report introduced in this article 
focuses only on the information and media industries, 
the method used there can certainly be applied to 
regional foresight for other new industries.
[Reference] Background of Implementation 
of Regional Foresight Project
 
Overview of Baden-Württemberg
   Germany is made up of 16 federal states, and its 
governance is decentralized under the Basic Law. 
Regarding research-and-development budget, 
the amount of public funding is 30% of the total 
fund from public and private sectors. The federal 
government and the state governments provide a 
roughly equal share of the public funding. Thus, 
the state governments also play an important role in 
research and development in the country.  
   Baden-Württemberg is located in the south of 
Germany and is bordered by France and Switzerland. 
Baden-Württemberg is the home of the automobile 
industry (Bosch, Daimler, Porsche, etc.) and some 
other global companies. Many branches of Japanese 
manufacturers are also located around Stuttgart. The 
proportion of sales of state companies is 15.8% for the 
automobile industry, 9.9% for the machine industry, 
and 6.8% for the IT and media industries.[5] There are 
many higher education institutions and major research 
institutes in Baden-Württemberg. As a result, research 
and development is being conducted actively in the 
state along with Freistaat Bayern (capital: München) 
and Nordrhein-Westfalen (capital: Düsseldorf). Baden-
Württemberg occupies only 10% of the land and 
population of Germany, but its R&D expenditures 
(80% of which comes from industries) and number of 
patent applications account for approximately 30% of 
the country’s total. 
Foresight activities in Germany
   In Europe, the European Commission has supported 
foresight activities with network management 
(monitoring of activities), manual preparation, and 
holding of conferences. Under such conditions, various 
foresight projects have being implemented by Europe 
as a whole as well as by each country and region. 
The monitoring report 2007[10] made an analysis of 
foresight project information in a total of 56 countries 
and 9 regions around the world. According to the 
report, about 70% of 517 projects targeted nation-wide 
foresights and 15% targeted regional foresights. In 
Germany, however, the number of regional foresights 
5
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has increased during the last decade. The report says 
that the half (19 out of 39) of the foresight projects 
conducted in Germany targeted regions.
   The Federal Ministry of Education and Research 
(BMMF) in Germany has conducted nation-wide 
foresight projects since the beginning of the 1990s. 
The Futur[11], launched in 2001, received much 
attention with respect to the participatory approach, 
where various people try to identify future research 
themes through their successive discussions. A 
new nation-wide foresight process began in 2007 
and it is currently at the final stage. Besides Baden-
Württemberg, Bayern, Rheinland-Pfalz, Sachsen-
Anhalt, and other states have conducted regional 
foresight projects.
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Introduction
   Electronic circuit technologies have been developed 
with the support of the research and development of 
many materials including dielectrics and magnetic 
substances. Meanwhile, there seems to be a growing 
number of attempts to realize electromagnetic 
characteristics  by means of artificial structures 
called “metamaterials” instead of the characteristics 
that have conventionally been gained from the 
physical properties of materials. Metamaterials 
refer to artificial structures that consist of a periodic 
array of metal pieces or the like. Technologies called 
“left-handed metamaterials” in particular can even 
produce phenomena that are not available in natural 
substances, and thus it is expected that this will enable 
the fabrication of electronic devices with functions 
heretofore unimaginable.
  This report first provides an overview of what 
left-handed metamaterials are, and then introduces 
technologies that are nearing practical use, focusing 
on such applications as telecommunication devices. 
We will also mention the future evolution of such 
technologies, and the trend of research papers and 
patents on metamaterials.
Differences between “left-
handed metamaterials” and 
conventional materials
   Russian scientist V. G. Veselago published about 40 
years ago a theory that examined the effects of a “left-
handed” material with the simultaneously negative- 
permittivity and permeability along with a negative 
refractive index.[1] Having originated from a purely 
theoretical interest, the study predicted some new 
phenomena that had never been conceived of. Left-
handed materials were supposed to have a negative 
refractive index, and optical applications of their 
characteristics attracted interest. Since there was no 
actual material to validate the theory at that time, no 
further attention was given to left-handed materials. 
In 2000, US physicists D. R. Smith et al. realized a 
left-handed metamaterial by an artificial structure 
called metamaterial,[9] which is rapidly getting a lot of 
attention.[2] A number of discussions and examples of 
experiments have been reported ever since.[3-8]
2-1 What is metamaterial
   Periodically arranged at intervals shorter than the 
specified wavelength of an electromagnetic wave, 
small pieces of metal and the like can constitute 
an artificial medium that has characteristics not 
found in nature (Figure 1). Such a medium is called 
metamaterial. Metamaterials can also be made of 
dielectrics, magnetic substances, semiconductors, and 
the like, and even electric circuits instead of metal 
pieces.
  The word “meta” derives from the Greek word 
that means “beyond.” While conventional materials 
provide their intended physical properties in terms of 
design on the atomic or molecular level, metamaterials 
realize their specified physical properties through the 
design of an artificial structure that can be regarded as 
a quasi-uniform medium in a macroscopic view.
2-2 What is left-handed material
   The electromagnetic characteristics of electronic 
material are primarily determined by the basic 
1
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parameters, i.e. the permittivity, the permeability, and 
the conductivity. For example, passive components 
such as capacitors and inductors are typically made 
of materials where both the permittivity and the 
permeability are positive. These materials are referred 
to as right-handed materials since the vectors of 
the electric field, the magnetic field, and the wave 
number of the electromagnetic wave in the materials 
correspond in direction to the thumb and two fingers 
of the right hand (the first quadrant in Figure 2).
   In contrast to such ordinary electronic materials, 
ones with this simultaneously negative-permittivity 
and permeability, if any, are referred to as left-handed 
materials since the vectors correspond in direction to 
the thumb and two fingers of the left hand (the third 
quadrant in Figure 2). There exist no left-handed 
materials in nature, however.
  Left-handed materials produce peculiar phenomena, 
among which a “negative refractive index” and the 
generation of a “backward wave” are the properties of 
particular significance.  
   Figure 3 shows a case where light is incident on and 
propagates through two vertically adjoining regions 
filled by materials, both of which are ordinary right-
handed materials, from the upper to lower region. 
In an ordinary refraction phenomenon, as shown in 
Figure 3-a), the direction (optical axis) of the incident 
light in the upper material and that of the travelling 
light in the lower material fall on the opposite sides 
with respect to the normal axis. The wavefront of 
the incident light appears to move in the direction of 
light propagation. Reaching the boundary surface, 
the wavefront changes the direction of traveling 
and appears to continue moving in the direction of 
propagation.
   Now, suppose that the upper region is filled by an 
ordinary right-handed material and the lower region 
a left-handed material. As shown in Figure 3-b), the 
axis of the light propagation in the lower left-handed 
material exists in the same side as the incident light, 
with respect to the normal axis. Such a phenomenon is 
interpreted that the left-handed material has a negative 
refractive index.[1] The “negative refractive index” is 
one of the remarkable characteristics of left-handed 
materials (Figure 2).
   On detailed observation, the wavefront of the 
traveling light in the lower left-handed material 
appears to move backward against the traveling 
direction of the light returning to the boundary 
surface between the upper and lower regions like a 
mirror image. At the boundary surface, the wavefronts 
of the incident light and of the travelling light move 
to coincide and overlap with each other. The light 
(electromagnetic wave) that makes such a wavefront 
movement is referred to as “a backward wave,” which 
is also one of characteristic phenomenon of left-
handed materials. “The generation of a backward 
wave,” the phenomenon itself, was known in the form 
of a negative propagation constant (parameter that 
indicates the state of propagation of an electromagnetic 
wave)  in an ordinary electric circuit. However, for a 
long time researchers did not direct their attention to 
this phenomenon or pursue the exploitation of such a 
circuit even after the publication of V. G. Veselago's 
Photocourtesy:DukeUniv.
Themetamaterial inthe
photoisintendedfor5GHz
(6cminwavelength)
Source: Reference[9]
Figure 1 : Metamaterial Proposed by D. R. Smith
Source: Reference[10]
Figure 2 : Classification of Materials by Permittivity ε 
and Permeabilityμ 
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theory.
2-3 Categories of left-handed metamaterials
   The D. R. Smith's paper of a metamaterial, i.e., 
a left-handed material consisting of an artificial 
structure, in 2000 sparked research into “left-handed 
metamaterials” for practical use.
   A left-handed metamaterial is an artificial structure 
in which small pieces of metal or the like are 
periodically arranged at an interval shorter than the 
wavelength of the intended electromagnetic wave. 
Each individual portion of the periodical structure is 
called “a unit cell”. The left-handed metamaterial is 
fabricated by optimizing the shape and arrangement 
of the unit cells so that the artificial structure has the 
aimed characteristics.
   Among the characteristics produced from these 
artificially-structured metamaterials, left-handed 
metamaterials are regarded as a technique to 
make positive use of “dispersion characteristics” 
that change with frequency. In other words, left-
handed metamaterials inevitably have frequency 
dependencies and show left-handed characteristics 
in a certain frequency band. It follows that left-
handed metamaterials may also show right-handed 
characteristics or rejection characteristics as well in 
other frequency bands. In the field of information and 
communications, many left-handed metamaterials are 
used in many applications as a combination of left-
handed and right-handed elements, rather than as sole 
left-handed elements, and the former applications are 
the more dominant in practice. Such metamaterials 
are sometimes referred to as CRLH (Composite 
Right/Left-Handed) metamaterials, whereas they are 
categorized as also left-handed materials since they 
include left-handed elements. In this article, we will 
also handle CRLH metamaterials as a type of left-
handed metamaterial.
2-4 Structural classification of left-handed 
metamaterials
   Figure 4 provides a classification of typical left-
handed metamaterials by structure. Figure 4-a) 
shows a type that has an array of unit cells of a 
three-dimensional spatial structure, which was 
originally used to verify the principle of the left-
handed metamaterial. Studies are being made for the 
application of such a structure to a device for spatially 
controlling electromagnetic waves. Figures 4-b) and 
4-c) show planar structures which are highly practical 
in terms of both characteristics and the manufacturing 
productivity. It is mostly these types of metamaterials 
that are actually put to practical use.
(1) Ring & Wire (Figure 4-a)
   The left-handed metamaterial devised by D. R. 
Smith (Figure 1) is based on the physical principle that 
the permittivity and the permeability of a material are 
determined by the material's dielectric polarization and 
the magnetic polarization, respectively. Small metal 
wires and split rings displaying effects equivalent to 
each polarization are used to provide substantially 
the negative-permittivity and permeability. Unit cells 
each including a pair of such a wire and a such ring 
are three-dimensionally arranged to construct the left-
handed metamaterial of spatial structure. Since this 
approach utilizes the resonance phenomena of the unit 
cells, the left-handed operation of the electromagnetic 
Prepared by the STFC based on Reference[1]
Figure 3 : Behavior of Light in Different Materials 
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wave is available only in an extremely narrow range of 
frequencies, making severe restriction on applications.
(2) Transmission line type (Figure 4-b)
   In a metamaterial of transmission line type, unit 
cells made of a metal patch with comb-shaped ends 
are periodically arranged in cascade with each other 
to form a single transmission line. Each metal patch 
is connected to a ground conductor through an 
additional lateral line and a via (conductor post) at its 
end.
   The comb-shaped patches and connection 
portions to the ground conductor form capacitors 
and inductors respectively, and they are essential 
factors in producing the frequency band where left-
handed characteristics are generated. In contrast, 
an ordinary right-handed transmission line is made 
of only a single simple straight conductor, and has 
no such fragmentary portions of the comb shape 
and no connections to the ground conductor. The 
metamaterial of transmission line type is thus 
reallized by adding left-handed factors into the 
structure of an ordinary right-handed transmission 
line. And the metamaterial of transmission line 
type is then typically designed so that the desired 
characteristics are provided in both the left- and right-
handed frequency bands as a CRLH mentioned above. 
In some applications, the transmission line may be 
desined to leak electromagnetic waves intentionally so 
that the electromagnetic waves are radiated into the air 
(leaky-wave antenna).
  The transmission line metamaterial is highly 
practical, and a lot of configurations on this basis are 
under investigation.
(3) Mushroom structure (Figure 4-c)
   In a mushroom structure, a unit cell is composed of 
a small metal patch connected to the ground  through 
a via. This type is called “a mushroom structure”, 
since the unit cells are similar to the cap and the 
stem of a mushroom in shape. The unit cells are 
periodically arranged in a matrix over the ground 
conductor to constitute a metamaterial. The gaps 
between the metal patches of adjoining unit cells 
form capacitors, and the vias of the respective unit 
cells form inductors. The capacitors and inductors 
constitute the left-handed factors. If the unit cells are 
closely placed to leave no gaps and the vias of the unit 
cells are removed, the structure will result in a ground 
conductor and a single metal plate arranged thereon, 
which constitutes an ordinary right-handed circuit. 
That is, the mushroom structure can be said to be a 
right-handed circuit with additional left-handed circuit 
elements, thus constituting a CRLH as in subsection 
2) above. This structure has a number of applications 
that use also stop bands which appear adjacently to the 
left-handed frequency bands.
   As can be seen from above, any of the left-handed 
metamaterial structures are built upon the idea 
of utilizing the structure's resonance phenomena 
to exploit peculiar characteristics or using circuit 
characteristics that have not been used heretofore by 
adding a new circuit structure based on conventional 
circuit technologies. Such metamaterial structures 
can be said to have been achieved as a result of the 
combination and evolution of the following three 
concepts:
○ The theoretical proposal regarding what phenomena 
can result if there is a left-handed material with 
simultaneously the negative-permittivity and 
permeability, which does not exist in nature;
○ The idea that such a material can be realized by an 
“artificial structure” as a metamaterial; and
○ The innovative positive use of dispersion 
characteristics in electric circuits.
Examples of applications of left-
handed metamaterials
3-1 Wide-Range Beam Scan of Radar Antenna
  A radar is a system that performs a wide range 
scanning detection across a certain angle by rotating 
its antenna havinig a directional narrow beam 
radiation pattern. The phase of the electromagnetic 
wave inside the antenna is so controlled as to 
implement the antenna's beam scan without using a 
rotation mechanism. A backward wave from a left-
handed metamaterial can be used effectively to widen 
the range of beam scanning. Sweeping the frequency 
of the radar electromagnetic wave from the right-
handed frequency band to the left-handed frequency 
band, both the ordinary forward wave (electromagnetic 
wave in a right-handed medium) and the backward 
wave can be used. The doubled range in phase shift 
can double the scanning range by the antenna beam 
(Figure 5).
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3-2 Adjustment of system characteristics
  The characteristics of a left-handed transmission line 
can be utilized to provide a device that has a special 
effect applicable to electromagnetic appliances.
  Figure 6 shows devices in which two transmission 
lines are juxtaposed to each other. Such devices, 
called “couplers,” have the function of transferring 
electromagnetic waves that propagate in each of 
the transmission lines to the another for power 
distribution or transmission, and are in use for various 
power handling purposes. A backward coupler, which 
includes a left-handed transmission line, enables the 
adjustment of system characteristics for improved 
system performance and space saving.
  A coupler with ordinary right-handed transmission 
l ines (Figure 6 -a) spl its and t ransmits the 
electromagnetic wave in the same direction, i.e., from 
port 1 to ports 2 and 3. If both of these transmission 
lines are made of a left-handed metamaterial (Figure 
6-b), and if the parameters between the transmission 
lines are optimized as to form a backward coupler, 
that can couple the terminals on the same side, namely 
ports 1 and 4 in the diagram, to each other with the 
desired characteristics.[12] This provides the advantage 
of being able to fabricate the circuitry in smaller 
dimensions.
  For example, the characteristics of antennas 
connected on the same side of a small-sized circuit 
board can easily be adjusted and improved by 
compensating mutual interference between the 
relevant antenna devices, and it allows miniaturization 
and performance improvement of the communication 
system. A practical example will be given later in 
section 4-1.
3-3 Reduction of Electromagnetic Interference
  A transition region or a stop band between left- and 
right-handed frequency bands may be used to isolate 
or attenuate undesired electromagnetic waves. This 
effect is expected to be applied to circuit integration 
for cellular phones that incorporate a plurality of 
radio systems and digital circuits. For example, the 
current cellular phone system employs the 800-
MHz, 1500-MHz, and 2-GHz bands for phone use, 
the 1.57-GHz band for GPS, the 470- to 710-MHz 
bands for 1seg TV, and the 13.56-MHz band for 
electronic payment and other applications. A plurality 
of antennas for covering the respective specific 
Structure Form Principle of operation Features
Spatial structure
Ring & wire Resonant type Narrowband
Waveguide structure
Non-resonant type
Wideband, low loss
Flat structure
Transmission line Wideband, easy to manufacture
Mushroom structure Wideband, easy to manufacture
Prepared by the STFC
Figure 4 : Classification of Typical Left-Handed Metamaterials by Structure
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frequency bands are mounted in the limited available 
space. Communication performances are degraded by 
electromagnetic interferences between the antennas 
inside installed in a small space. Circuits in the 
vicinity of the antennas emit unwanted clock signals, 
which also cause degradation in communication 
quality if received by the antennas. In such severe 
packaging circumstances, some measures are required 
to control the electromagnetic waves at respective 
frequencies and to reduce mutual interference. One 
of the expected  technologies that allow us to simplify 
such a complex circuit design is the use of the left-
handed metamaterial. Optimizing the characteristics 
of the CRLH' in the left-handed bands and the stop 
bands at the respective frequency allocations of 
the cellular phone makes it possible to reduce the 
electromagnetic interference between the antennas 
and, in consequence to maintain the performance 
of the respective systems with a simple structure. A 
practical example thereof will also be given later in 
section 4-1.
Examples of Research and 
Development of Devices
   In the field of information and communications, 
studies on devices and circuits with new functions by 
using left-handed metamaterials are going on. The 
primary technologies that have been nearing practical 
use in this field are circuits of planar structures. They 
are devices that use a backward wave generated 
from a negative refractive index, CRLH devices, and 
their appliances. As the devices with such functions, 
backward couplers, phase shifters, resonators, leaky-
wave antennas, beam-scanning antennas, or dual-band 
circuits have already been fabricated in prototype 
level.
   It has recently become possible to design left-
handed metamaterials of planar structure by using 
commercially-available software for electromagnetic 
field simulation, and that enables printed-circuit 
board manufacturers and electronics manufacturers 
to design and to fablicate prototypes easily. This has 
boosted expectations for the practical use of left-
handed metamaterials.
   The following are some examples.
4-1   Examples of miniaturization of 
telecommunication  system
   Left-handed metamaterials are effectively used 
to allow miniaturization of a telecommunication 
systems. Two examples will be given below. 
   The first example is a use of a backward coupler 
applied to a transceiver system with two antennas 
(Figure 7). The use of the backward coupler enables 
reduction of the distance between the antenna 
feeders, and that allows also the miniaturization of 
the communication system. This reduction is possible 
because unwanted coupling between antennas is 
suppressed as shown in Figure 6-b. If the distance 
between antenna feeders is  kept the same 
for comparsion, it has been experimentally 
demonstrated that the interference between these 
antennas is reduced to one-twentieth.[11] Figure 
7 shows a circuit board for feeding two antennas. 
CRLH is applied to a backward coupler for reducing 
mutual interference between the two antennas, 
and it incorporates with the  feeder circuit board 
incorporates. With ordinary circuit technologies, it is 
impossible to make a coupler that is small enough to 
Input
Port1
Port2
Port3
Port4
Signaltransmissionline
Input
Port1
Port2Port3
Port4
Signaltransmissio
a)RightͲhandedcoupler
b)BackwardcouplerwithleftͲhandedtransmissionline
Output1Output2
Output1
Output2
Prepared by the STFC
Figure 5 : Practical Example of Beam Scan of 
Radar Antenna
Prepared by the STFC
Figure 6 : Backward Coupler
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be installed on that board. As a result, the antennas 
connected at the ends of the respective feeders 
obliged to be more widely spaced if the reduction 
of the interaction between the antennas is intended. 
That inevitably increases the antennas' installation 
space. The backward coupler with a left-handed 
metamaterial, in contrast, can be fabricated in such 
a small size as to fit on the board. This allows to 
reduce the distance between the antennas, enabling 
space saving and efficient use of each individual 
antenna. Wireless LAN devices incorporating such a 
technology are already on the market.
  The second example also relates to a transmitter 
receiver system with two antennas, where the 
interference between the antennas is suppressed by the 
mushroom structures.[13] In case that two antennas are 
juxtaposed with each other and operated as shown in 
Figure 8-a), both antennas operate with surrounding 
induced currents flowing on the conducting plane. 
That produces electromagnetic wave interferences 
with each other, and causes a disturbance in each 
other's characteristics. To minimize this, antennas 
1 and 2 typically need to be located apart at a 
distance of half the wavelength of the intended radio 
wave on the conducting plane. The wider antenna 
distance is more effective, but the system would be 
oversized if the antenna distance would be widened 
concering the entire relevant circuit. In such a case, 
CRLH mushroom structures shown in Figure 4-c) 
formed between antennas 1 and 2 allow to reduce the 
interference (Figure 8-b). Here, the currents flowing 
around the respective antennas are stopped at by the 
mushroom structures, whereby the mutual coupling 
between the antennas can be reduced to approximately 
1/1500 or so in peak value without a change of the 
antenna distance. Such a rejection characteristic is 
referred to as an EBG (Electromagnetic Band Gap) 
characteristic.
Prepared by the STFC based on Reference[11]
Figure 7 : Example of Miniaturization of Telecommunication System
Prepared by the STFC based on Reference[13]
Figure 8 : Example of Suppression of between antenna elements Interference
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4-2 Automotive Radar
   The transmission line CRLH of Figure 4-b) has been 
applied to realize an automotive radar that is capable of 
wide-range scanning with a directional beam.[14] The 
structure and characteristics of a CRLH transmission 
line can be adjusted so that  electromagnetic waves 
are intentionally leaked out from the transmission line 
when the electromagnetic wave propagates through 
the transmission line. Such a phenomenon can be 
used to realize a leaky-wave antenna that allows 
beam scanning. Figure 9 shows an example of its 
application to an automotive radar  operating in a 
millimeter band, where a CRLH leaky-wave antenna 
is successfully composed of unit cells connected in 
cascade in the from of a CRLH transmission line. 
The electromagnetic waves in each unit cells are 
intentionally leaked in such a manner that the entire 
scattered waves from the relevant transmission lines 
form a directional beam over a certain angle. The 
transmission line (= antenna) generating the leaky 
waves first makes a left-handed one, i.e., produces 
backward waves from 76 to 77.5 GHz, and this 
operation shifts to a right-handed one, i.e., forward 
waves from 77.5 to 79 GHz. With the increase of the 
frequency, the transition from the backward waves to 
forward ones occurs, and that results in the scanning 
of the directional beam as described in Figure 5. More 
specifically, the electromagnetic wave is swept from 
lower to higher frequencies so that a wide space of 
angles from the front to the rear of the transmission 
line can be scanned with the directional beam. As an 
evoluted possible application, two leaky-wave antenna 
elements shown in Figure 9 may be arrayed in parallel 
for improved performance.An actual measurement 
value of 53  ゜is provided in the beam scanning width 
by the frequency sweep from 76 to 79 GHz, which 
largely surpasses the average value of 20  ゜by the 
conventional technology.[14]
  The directional beam scan can also be possible at 
fixed frequency by introducing an additional dielectric 
plate on the antennas and by changing the distance 
between the antennas and the dielectric plate by an 
actuator to modify the capacitance.
Potential of Metamaterials
5-1 Radio cloaking
   As a technology for a totally novel functions, 
applications to radio cloaking (radio-wave invisible 
mantle) has been investigated, and its principle and 
validation reports are attracting attention. With a target 
object surrounded by a left-handed metamaterial, and 
if the electromagnetic transmission characteristics 
in the metamaterial is appropriately optimized, 
electromagnetic waves can act to circumvent the 
target object. Such a technology is refered to as radio 
cloaking. Figure 10 shows a prototype of a doughnut-
shaped left-handed metamaterial.[17] Radio waves 
entering the body change their traveling direction 
inside, propagate avoiding the center space, and 
are emitted out of the body again as if they have 
circumvented the body.[7] This technology can be used 
to resolve multi-path radio interference, for example.
   Light is an electromagnetic wave. If the applicable 
frequency for radio cloaking can be increased to 
optical frequencies, it will be possible to realize 
something like an invisible cloak as shown in Figure 
11. While only the validation has so far been possible 
on the design methodlogy basis,[8] new fields of 
application using such a technology may be found in 
the near future.
5-2 Improvement of characteristics of   
      electromagnetic materials
   Although not of pure left-handed materials, there 
have been published cases of hybrid structures where 
existing electromagnetic materials and periodically-
structured members are combined to improve 
performance as compared with the cases where the 
existing electromagnetic materials are used alone. 
Figure 12 shows a radio wave absorber of hybrid 
structure in which a ferrite radio wave absorber is 
combined with an array of metal wires as long as 
1/2 the wavelength of the intended frequency.[16] It 
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Prepared by the STFC based on Reference[14]
Figure 9 : Leaky-Wave Antenna and Unit Cell
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a)PrototypebyDukeUniversity17]
Photocourtesy:DukeUniv.
Metamaterial
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b)Stateoftransmissionofelectromagneticwaves(basedonReference7])
Prepared by the STFC
Figure 10 : Radio Cloaking
a) Prototype by Duke University[17] b) State of transmission of electromagnetic 
waves (based on Reference[7])
Figure 11 : Principle behind Invisible Cloak
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is possible to enhance the radio wave absorption 
characteristic and widen the frequency band where 
that structure serves as the radio wave absorber, 
whereby the radio wave absorption characteristic at 
specified frequencies can be significantly improved 
as compared to that of ferrite alone (10 times in peak 
performance). Such a hybrid structure is treated in the 
same category as that of left-handed metamaterials, 
and studies are going on.
Over v iew of  research  and 
development of lef t-handed 
metamaterials
   This section mentions an overview of research 
and development of metamaterials and left-
handed metamaterials, based on data taken from 
research papers published in academic societies and 
publications, as well as patent applications.
6-1 Spectrum of research in academic societies
   Since the publication of D. R. Smith's paper in 2000, 
research into metamaterials has been growing rapidly. 
Figure 13 shows the changes in the numbers of papers 
written in English found in two commercial databases 
with the keywords “metamaterial” and “left-handed 
metamaterial.”[NOTE1] It can be seen that the numbers 
of papers have been increasing year by year. The areas 
of the papers are not limited to the field of information 
and communications, but include optical applications 
and materials.
  We made a comparison of the numbers of papers by 
country, using the ISI Web of Knowledge, one of the 
databases (Figure 14). Papers from the US and China 
are the overwhelming majority far ahead of the other 
countries. A detailed inspection of the results of the 
hits on the left-handed materials in particular shows 
that there are certain key persons. In a population of 
850 hits, collaborations with each key person reach 
up to 40 to 50 hits, and boost the total number of hits 
upward. The key persons are found in China, the US, 
Turkey, Canada, etc.
  In Science Map 2006[NOTE2] published in 2008, 
associations between research areas shown in 
Figure 15 are given in terms of metamaterials.[2] 
The research areas are roughly classified into two. 
The larger research area in the lower right pertains 
to physical phenomena and theories. The derivative 
area of applied research is found in the upper left. 
The technologies covered by this report are in the 
applied research area. Applied research, which was 
still small in volume in 2006, is considered to have 
evolved significantly and come to fruition as a variety 
of applications mentioned above.
6-2 Change in the number of patent applications
   Figure 16 shows the numbers of patent applications 
that have been published or registered in Japan and 
in the US and Europe.[NOTE3] The numbers of patent 
applications have generally been on the increase year 
[NOTE1] : We used the following databases and keywords (accessed: August 12, 2009):
1) ISI Web of Knowledge (THOMSON REUTERS)
    keyword 1: metamaterial OR metamaterials/  3697 hits
    keyword 2: (keyword 1) AND “left* hand*”/  1024 hits
2) SCOPUS (Elsevier)
    keyword 1: metamaterial OR metamaterials/  3801 hits
    keyword 2: (keyword 1) AND left* PRE/3 hand*/  858 hits
[NOTE2] :Science Map :
A study that is aimed at automatically grouping research papers based on co-citations and periodically 
observing dynamic changes in scientific research, with the groups as research areas.[2]
[NOTE3] : The patent searches were conducted as follows:
1) Japan (accessed: August 7, 2009)
  Searched the JPO database
  keywords: メタマテリアル /メタマテリアル and ( 左手系 or CRLH)
2) US & EP (accessed: August 10, 2009)
  For United States, searched USPTO (United States Patent and Trademark Office) database
  For Europe, searched EPO (European Patent Office) database
  keywords: metamaterial/metamaterial and (CRLH or “left handed”)
6
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after year, though some of the latest data is not yet 
available since patent publications entail 18 months of 
delay from application.
6-3 Comparison regarding papers and patents on 
left-handed metamaterials
   With the keyword “left-handed metamaterial,” 
a comparison is made between the numbers of 
published papers in Figure 13 and the numbers of 
patents in Figure 16. The number of US papers in 
2007 exceeded 250, while the total number of patent 
applications by then was slightly fewer than 40 (about 
one-sixth of the number of papers). The number of 
Japanese papers was slightly more than 40, and the 
patent applications by 2007 a little more than 30 (about 
three-quarters of the number of papers). Using the ISI 
Web of Knowledge, we classified the approximately 
40 Japanese papers by organization and found that 
publications from industries only just reached about 
one-fifth.
   Even if it is taken into account that the English 
database does not cover all papers in Japan (English 
abstracts are often included), possible conclusions 
are: that the academic community in Japan does not 
contribute much to this area; and that industry-based 
research is somewhat sluggish.
6-4 Settings for research publication and 
discussion
  Comprehensive international conferences on 
information and communications technologies 
covering the field of research into microwave circuits 
have recently featured independent sessions and 
workshops on metamaterials. It can be said that 
metamaterials are recognized as one of the genres of 
microwave circuit technologies.
   For example, IEEE MTT-S International Microwave 
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Symposium 2009 (June 2009, US), one of the major 
international conferences in the field of microwaves 
held (or scheduled to be held), featured metamaterials 
in two of its 65 sessions, plus a special session. 
European Microwave Conference 2009 (October 
2009, Europe) features metamaterials in three of its 
67 sessions and two of its 21 workshops. Microwave 
Workshops and Exhibition 2008 held in Japan 
featured metamaterials in one of its 26 workshops. 
New conference projects that include “metamaterial” 
in the title have also been active, including society 
activities on antennas and radio wave propagation 
as well as META'08, which was hosted by a NATO 
subdivision. The Asia Pacific Microwave Conference 
has an established presence in Asia and Oceania, and 
the international convention hosted by the IEEE EMC 
Society Japan Chapter in July 2009 featured dedicated 
sessions on metamaterials. Discussion settings have 
thus been extending across the world.
   Researchers around the world also gathered 
to init iate discussions on metamater ials at 
Metamorphose VI, an European organization for 
information exchange and mutual understanding 
between physical approaches and application-oriented 
engineering approaches. In Japan, the Electromagnetic 
Metamaterials Group[18] was founded in 2006 as a 
research organization to cover a wide field of research 
from microwaves to ultraviolet domains (Figure 17).
Conclusion
   Left-handed metamaterials with the simultaneously 
negative-permittivity and permeability produce 
phenomena that are not available in conventional right-
handed materials. Application of such effects may be 
able to realize electronic devices with new features 
and functions, and various attempts have already been 
reported.
   In the field of information and communications, 
advanced technologies have been sophiscated, as 
a result of fusion of wide range of technologies 
including materials, devices, signal processing and 
systemization. New types of applications of the 
technologies surrounding left-handed metamaterials 
are now being opened up from different technical 
approaches, making use of their novel characteristics. 
If practical applications to exploit the advantageous 
properties of left-handed metamaterials for the 
market requirements are proposed by industry 
without being blinded by the linear model of research 
and development, and if academic societies work 
cooperatively with the proposals, there will be then 
technical advances promoting its practical use and 
even another step forward. With the globalization 
of research activities and worldwide competition, 
the speed of development has grown intense. Japan 
also needs to establish efficient research scheme 
Source : Reference[2]
Figure 15 : Research Areas on Metamaterials in Science 
Map 2006
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that make the best use of the abilities of key persons 
and the surrounding researchers, and a collaborative 
f ramework that is f ree f rom the bounds of 
organizations.
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Introduction
   There are various forms of communications between 
researchers in science and technology. A researcher 
can achieve results only after he publishes his research 
results through some form of media and the results 
are widely recognized by his fellow researchers. 
In the case of researchers in science, technology 
and medicine (STM), they first make a verbal 
presentation of their research results at a meeting of 
fellow researchers or study/academic association, 
write a report and then contribute it to a journal. The 
editors of these journals maintain a certain level of 
quality for research papers through peer reviews and 
organize them in an order in which to publish them 
in their journal. Universities, academic associations, 
and commercial publishing companies (hereinafter 
referred to as publishers) have been in charge of this 
process since the 17th century. Today, research paper 
journals are still regarded as important media for 
publishing research results.
    Thanks to the diffusion of an electronic contribution 
and peer review system that has been around 
since 2000, in addition to the use of the Internet in 
distributing research paper information, which began 
around 1995, it has become common for researchers 
to contribute their research papers via the Internet 
and for publishers to publish journals via the Internet. 
New services peculiar to e-journals, which make use 
of the Internet and which cannot be achieved in a 
brochure, have gradually become available. Links of 
secondary information to primary information on the 
Internet have already become an essential service for 
researchers collecting information.
   In our previous report,[1] we examined trends in 
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research journals, which have shifted from book 
journals to e-journals, from the aspect of both 
information services and business operations. And 
we have highlighted problems involved in publication 
by study/academic associations, with global trends in 
mind. This time, we would like to discuss mainly the 
advantages and disadvantages of digitalization, while 
keeping in mind recent e-journals and related trends, 
study the link between e-journals, researchers, and 
research funds, and make proposals leading to specific 
measures.
   In this report, as in the case of the previous report, 
we mainly discuss STM journals and introduce their 
recent trends spanning from 2007 to the first half of 
2009. In the second half of our report, we will discuss 
research information distribution policies from the 
aspect of publicly funded research. However, since 
the method to acquire research funds and the way 
to present output, including patents, or evaluation 
methods vary depending on corporations, we exclude 
corporate research activities and their information 
distribution methods from the scope of our study in 
this report, except for some basic researches.
Present state of e-journals in 
scientific communication
2-1 Various attempts transcending existing 
e-journals
    For contemporary researchers, the use of e-journals 
has become essential. In many fields, e-journals 
published by publishers that have established good 
reputations since the booklet era are widely used. With 
regard to expanded functions of e-journals in and after 
2007, attempts have been made to give added value to 
e-journals. For instance, in chemical journals, efforts 
to link research papers with chemical compound data 
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have made progress. In the Prospect Project,[2] which 
was launched by the Royal Society of Chemistry in 
2007, and the Nature Chemistry,[3] which was first 
published in April 2009, various property data and 
metadata can be retrieved concerning the chemical 
compounds contained in the research papers, and 
the users can also move to other related databases. 
In other words, studies are being made to provide 
services to facilitate researchers’ understanding by 
providing links not only to references cited but also 
to a variety of information on the contents of research 
papers.
   Efforts are also being made with regard to changing 
peer review methods and evaluating research papers 
before and after publication. For instance, PloS One, 
which was published by PloS, combines a minimal 
peer review function of checking simple scientific 
errors with a web function to facilitate community 
evaluation and discussions about published articles. 
Since it was first released at the end of 2006, the 
number of articles carried by PloS One more than 
doubled from 2007 to 2008.[4] The Nature Publishing 
Group has also inaugurated Nature Precedings.[5] It 
can be said that Nature Precedings is an expanded 
version of the pre-print servers that have long been in 
place in the field of physical sciences. Researchers in 
physical science secure foresight by utilizing pre-print 
servers. However, it remains to be seen whether they 
will penetrate other fields. In research information-
gathering activities, it has also become vital for 
researchers to be able to access primary information 
from databases retrieved. Therefore, database creators 
have been making efforts to develop a system to 
enable researchers and librarians to obtain necessary 
information from as many documents as possible with 
less effort.
   Tools to distribute research information that actively 
utilize web media other than the existing e-journals 
have also diversified. Among them are accumulation 
and sharing of knowledge by utilizing a wiki engine 
(also used in Wikipedia), exchanges and cross-
reference of wide-ranging information utilizing 
blogs, and exchanges of information within a specific 
number of users utilizing communities within SNS 
(social network services). In such grass-root activities, 
information is exchanged as the need arises in various 
units, such as in a unit of individuals, a small number 
of researchers, research laboratory or by fields of 
sciences and topics. For instance, information on the 
discovery of Higgs boson, a recent great feat in the 
field of elementary particles, which was exchanged 
in blogs before the publication of the research paper, 
is said to have drawn various responses, pros and 
cons.[6] And, the PLoS One launched “every ONE”, 
a community blog, in March 2009 to promote 
information exchanges among researchers.[7]
   Since image editing and browsing have become 
easy thanks to the diffusion of broadband and the 
advancement of processing capacity in PCs, new 
journals dedicated to images have been launched.[8] 
The Journal of Visualized Experiments, for instance, 
uses images to show concisely and clearly various 
procedures that had been difficult for readers to 
re-create from textual information alone, such as 
anatomical and experimental equipment operation 
procedures.
2-2 Role of research paper journals to “Fix” 
achievements remain unchanged
   Thanks to the emergence and employment of 
various media, new scientific communications have 
been made possible. However, many researchers 
still write research papers and contribute them to 
well-established journals in order to “fix” their 
performance. For instance, in the field of system 
biology, where living organisms are simulated 
by using individual computers as cells, web 
infrastructures, such as previously mentioned wiki, 
are actively utilized. In a project called PAYAO, 
diversified information on module programs registered 
online are being exchanged on an international scale 
in collaboration with other programs and external 
databases. Still, many researchers contribute their 
research results to existing journals, such as the 
EMBO Journal, in order to “fix” their research 
results.[9]
   This may be because research articles carried 
by journals still account for most of researchers’ 
publication lists, which they use in applications for 
research funds and earning promotion, and because 
evaluators place emphasis on such research articles.
   Incidentally, the Nature’s open peer review, in which 
many readers evaluate published research articles, 
which we introduced in our previous report, did not 
draw much attention and was suspended at the end 
of 2006.[10] As this incident indicates, trials and errors 
of new attempts and efforts to select and integrate 
functions and methods from among existing methods 
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will be repeated for some time to come.
Convenience and problems 
brought about by distribution of 
e-journals
   E-journals have brought about various conveniences, 
but at the same time, they have also brought about new 
problems. Here, we would like to introduce recent hot 
trends and look at problems we face.
3-1 Research information spreading instantly 
for comparison
   E-journals have not only realized new services 
that cannot be provided in book form, but have 
also dramatically increased the speed at which 
information can be distributed. An alert system, like 
RSS, if used, will notify readers of newly published 
research articles. The delivery of separate prints to 
fellow researchers can be made promptly by e-mail, 
making it possible for good research articles to be 
taken up immediately by blogs. Also, depending on 
e-journals, readers can send their opinions directly to 
the comment columns of such e-journals, making it 
possible for researchers to know, to some extent, the 
reputation of their research articles.
   Moreover, once research articles are published, 
they will be indexed and linked to various databases, 
making it easy for researchers to reach original 
documents from various information-collection 
means, as need arises. Each article is no longer a factor 
of an e-journal, but an independent unit of academic 
information on the Internet and will be immediately 
distributed and evaluated. To this extent, it can be 
said that the transparency of individual research 
information has increased.
   Moreover, thanks to the digitalization of the whole 
text of articles, it has become easy to collect great 
volumes of information on the Internet and compare 
them. If a data-mining method is used in combination 
with many text data or a multiple number of 
databases, such as patents and journals, it is possible 
to easily analyze the frequency of the use of particular 
words and their correlations.[11] Furthermore, if they 
are used along with data mining of basic data, such as 
experimental data, it is possible to visualize the results 
of analyses, and this in turn may offer new insight.
3-2   New problems brought about by digitalization
3-2-1   Detection of plagiarism and other inappropriate 
acts
   E-journals, which have brought about the 
conveniences described in the previous section, have 
also revealed new problems. The fact that the texts 
and database of research articles can be easily utilized 
means it easily allows inappropriate acts, such as 
plagiarism and contortion of the articles. In fact, cases 
of double contribution and abuse of other articles have 
been increasingly detected in the process of editing 
journals. A survey of a database has found that nearly 
9,200 articles published in the past have similarities 
with other articles. After studying them in detail and 
checking with researchers and publishers, 200 of them 
remained questionable and 40 articles have reportedly 
been withdrawn by the publishers.[12]
   Publishers, for their part, have to properly deal 
with such abuses causing damage to the reliability 
and brand image of their journals. CrossRef, an 
agency established by publishers to enable cross-
publisher citation linking on online academic journals, 
inaugurated CrossCheck, an abuse-detection project, 
in June 2008[13] CrossCheck is a tool that detects 
similarities in a text with those in other various 
resources, including data on published articles, by 
using a technology developed by iThenticate[14] to 
detect copied and pasted sentences. It is a tool to 
measure the similarity of texts and is not designed 
to detect abuses. With regard to articles that have a 
high degree of similarity, it is necessary to examine 
the cause for the similarity and carefully determine 
whether or not they constitute abuses.
3-2-2   Importance of author ID and institution ID
   As the distribution and analysis of article-by-
article information has become easy, the distribution 
of author-by-author and institution-by-institution 
information has assumed importance. In other 
words, it has become relatively easy to find out 
who or which institutions are writing what articles 
and to what extent. Such information has become 
important, particularly in assessing institution-by-
institution researches. However, the names of authors 
and institutions attached to research articles have 
been viewed as collateral information and therefore 
have not been strictly organized. Therefore, various 
problems have been exposed, including problems of 
identical names, inconsistency in the abbreviation of 
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Table 1 : Overall Ranking of Institutional Repositories by Ranking of Web of World Repositories
Prepared by the STFC
As of January 2009 (http://repositories.webometrics.info/)
institution names, and how to deal with researchers 
transferring from one institution to another. Many 
databases have been independently tackling such 
problems. Serials Solutions, for instance, has Author 
Resolver to provide author-related information 
services[15] Thomson Reuter has opened Researcher 
ID, a contributor ID site, to prompt researchers to tie 
their research articles to the site.[16] The previously 
mentioned CrossRef has also been addressing the 
problem of author identification. In 2007, it began 
studying ways to tie published research articles to its 
site by assigning cross-industrial Author IDs.[17] As 
for identifying institutions, the National Information 
Standards Organization (NISO) of the United States 
started creating standards for identification in January 
2008.[18]
Present state of open access 
activities and the transparency of 
research funds
4-1 Trends in open access journals and 
institutional repositories
   With regard to open access activities to realize 
barrier-free access to e-journals, which we introduced 
in the previous report,[1] various efforts have been 
continuing. One of the factors for promoting open 
access activities is that we must return the information 
on the outcome of tax-funded research to the public 
and ensure the transparency of such information. 
According to the DOAJ (Director of Open Access 
Journals), readers can access 4,170 open-access 
journals and more than 280,000 articles for free.[19] 
According to the Open DOAR (Directory of Open 
Access Repositories), as of June 2009, the number 
of institutional repositories with their own servers 
containing files of the final versions of research 
articles and allowing access to them for free exceeded 
1,400. The number of such repositories in Japan 
exceeds 100, the fourth highest in the world.[20] With 
the number of institutional repositories at home and 
abroad reaching a certain level, efforts are now being 
directed to enhance the contents of repositories, 
such as increasing the number of registered research 
articles. According to the Ranking of the Web of 
World Repositories, which provides overall evaluation 
of institutional repositories, including the number of 
registered articles and their contents, four Japanese 
repositories — those offered by Kyushu University, 
Kyoto University, Waseda University and University 
of Tokyo — made the top 100 list (See Table 1). 
Moreover, since certain numbers of institutional 
repositories and articles are now available, cross-
searching has become virtually possible. In April 
2009, the National Institute of Informatics formally 
released JAIRO, a system to cross-search institutional 
repositories. JAIRO allows searching all articles 
carried by the institutional repositories of each 
university. It also offers various statistical data, 
including the number of registered articles and the 
ratios of each media.[21] (See Figure 1)
   Meanwhile, some public research institutes have come 
to establish institutional repositories, including Max 
Planck of Germany and the CNRS of France.[22] The 
Name of repository Country
1 Hal CNRS  France
2 MIT Dspace U.S.
3 E'cole Polytechnique Federale de Lausanne Infoscience Switzerland
4 Institut National de Recherche en Informatique et en Automatique Archive Ouverte France
5 University of Oregon Scholars' Bank U.S.
6 University of Saint Gallen Forschungsplattform Alexandria Switzerland
7 University of Michigan Deep Blue U.S.
8 CERN Document Server Switzerland
9 University of Southampton ePrints UK
10 University of Queensland Espace Australia 
・・・・
34 Kyushu University Japan
35 Kyoto University Japan
80 Waseda University Japan
95 University of Tokyo Japan
4
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Arxiv, an archive for electronic preprints of scientific 
papers mainly in the fields of high-energy physics, has 
come to carry research articles on quantitative biology, 
statistics and quantitative financing.[23] As indicated 
above, the form of institutional repositories has yet 
to be fixed. In the future, institutional repositories 
may begin to transmit information, including peer 
reviews in the same way seen in bulletin papers[24] and 
develop environments to support researches, such as 
management and storage of pre-published document 
data or management of research data. For instance, 
National Institute for Materials Science (NIMS) has 
been actively trying to support the management of 
researchers’ digital resources through the digital 
library system developed by Max Planck.[25]
4-2 Recent movement of public funding 
organizations
   In the United States and Europe, public funding 
organizations have been aggressively promoting the 
open access or public access of research covered by 
their funding programs. Particularly noteworthy is the 
movement of the National Institute of Health (NIH). 
Since 2005, the NIH has been promoting public 
access (NIH OA policy) by registering and publishing 
its research funds in the PubMedCentral (PMC). 
And since April 7, 2008, it has become mandatory to 
register such research papers. As a result, the number 
of research papers carried by the PMC has drastically 
increased. On the other hand, in September 2008, 
publishers submitted the Fair Copyright in Research 
Works Act to overturn the NIH policy. Incidentally, 
there are no formal movements among Japanese 
research funding organizations to make open access 
or public access to research papers mandatory.[22]
4-3 Other recent movements
   Under such circumstances, publishers have been 
making various efforts. Among them is the October 
2008 purchase of BioMedCentral (BMC), a pioneer 
in open access journals, by Springer, a commercial 
publisher. Since its foundation in 2000, the BMC 
has established its position as an open access journal 
based on the business model of covering its expenses 
with contributions from authors and membership fees. 
Since the main purpose of the open access movement 
is to counter existing publishers, who reportedly 
have raised prices of research papers and articles, the 
purchase of BMC by Springer had a great impact. At 
present, Springer says it intends to maintain the open 
access journal as an independent operation, separate 
from its electronic journal package (Springer Link) 
operated under a library purchase expense model.[26] 
With regard to open access journals, ensuring the 
sustainability of their operations remains the biggest 
challenge. We are curious to see how Springer will 
operate in the future and how many libraries that 
have supported BMC business will react to Springer’s 
methods.
   Also a project, called SCOAP3, is underway, in 
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which high-energy physics-related research institutes 
and libraries collect funds to purchase core magazines 
and provide open access to such magazines under the 
leadership of CERN (European Council for Nuclear 
Research). More than 20 countries are participating 
in the project.[27] Japan has not been participating in 
the project, since SCOAP3’s annual contribution is set 
high at around \100 million.
4-4 Argument about the effectiveness of 
open access
   While various efforts are being made to promote 
open access, as described above, there is a debate in 
the field of library and information science on whether 
research articles available through open access are 
more frequently cited than articles not available for 
free. There are conflicting reports with regard to the 
difference in the frequency of citations between the 
two, with some reports saying that there is a difference 
and others saying that there is no difference.[28, 29] 
Since the number of times a research article is cited 
depends on the content of the article, the frequency of 
citation differs depending on the field and the kind of 
articles, even within the same magazine. Moreover, 
since a research journal is a medium mainly designed 
to allow researchers to announce their research works, 
it is difficult to compare the number of citations 
under similar controlled environments except for the 
difference of being open access or not. Still, according 
to a Davis report,[30] an analysis of open access 
publishing of articles randomly selected from a group 
of magazines in the field of medical science shows that 
the open access had no impact on the number of times 
the articles are cited.[30] However, both reports showed 
superiority with regard to the number of accesses to 
e-journals, confirming that the visibility of articles has 
been enhanced to a certain extent.
For better understanding of the 
distribution and effects of research 
funding and research results
5-1  Higher morality of researchers and 
quality control by publishers called for
   The above situations suggest that researchers need 
to enhance their morality. Since it has become easy to 
check similar researches, it has become all the more 
important for researchers to give maximum respect 
to preceding studies and act in good faith. When they 
quote passages from preceding studies, researchers 
should properly cite them and, in some cases, obtain 
approval from the authors and publishers. If a research 
is similar to a preceding research, intentional or 
not, it is necessary for the researchers to give more 
consideration to the similarities. On the other hand, 
publishers and those who need to ensure the quality 
of information are always called upon to detect 
abuses and conduct proper peer reviews. In fact, some 
researchers claimed that their nonsensical article was 
carried by an open access journal, suggesting that the 
journal had not conducted peer reviewing.[31] In another 
case, Elsevier, a scientific publishing company, put 
out a total of six publications without peer reviewing 
them.[32] All these incidents underline the need for 
publishers to give more consideration to controlling 
the quality of their publications.
5-2 Changes in information that should 
be managed by research-funding 
organizations
   In line with increased open access movement, it 
has become more important for research-funding 
organizations to study methods for efficient use 
of research funds by researchers and for returning 
research results to the public. In other words, more 
efficient use of research funds and their transparency 
have been increasingly called for in a research activity 
cycle, in which researchers apply for research funds, 
publish their research results through such means as 
e-journals, and then, after receiving due recognition, 
apply for next research funds. (Figure 2)
5-3 Building an information infrastructure 
allowing cross-sectional analysis
   When considering more efficient use of research 
funds, it is necessary to have data designs for 
individual information elements, such as researchers, 
research institutes, research articles, and citation data, 
organized in order. With regard to research funds, 
research assignment numbers and other identifiers 
equivalent to such numbers are already available. With 
regard to the English versions of research articles issued 
by publishers, it is possible to identify them based on 
Document Object Identifier (DOI).[33] Unlike English-
language research articles, which can be researched 
and identified in an integrated manner throughout 
the world by using the CrossRef, the development of 
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Figure 2 : Simplified Scheme of Research Activity Cycle Based on Research 
Funds (Relationship between research funds and research results in 
the form of papers)
identifiers for Japanese-language articles is slow. At 
present, Japanese articles are assigned independent 
identifiers by sector and database. Therefore, more 
than one database has to be referred to when putting 
cross-sectional links to Japanese journals. This is 
having an adverse effect on the efficiency of creating 
a database on Japanese journals and articles. In order 
to provide links to Japanese-language articles, it is 
desirable to develop a unified search system.
   In order to put researcher information in order, it is 
necessary to develop cross-sectional researcher IDs 
or integrate virtual researcher identifiers by using 
technology for integrating multiple numbers of IDs, 
such as Open ID.[34] Among the major Japanese 
databases with researcher IDs are e-Rad,[35] which 
is operated by the Ministry of Education, Culture, 
Sports, Science and Technology under the leadership 
of the Cabinet Office, KAKEN, a scientific research 
fund database, and the Researcher Resolver, both 
offered by the National Institute of Informatics,[36] and 
ReaD, offered by the Japan Science and Technology 
Agency.[37] With the unification of researcher IDs 
being promoted through e-Rad, certain progress has 
been made with regard to links to research institutes 
and research funds. However, the purpose of e-Rad is 
still limited to helping proper appropriation of research 
funds by eliminating unreasonable overlapping 
and excessive concentration of R&D funds in 
particular researches. It has yet to be used to properly 
appropriate upcoming research funds by actively 
analyzing the impact of research articles. Moreover, 
since some information services provided by overseas 
databases have independent researcher ID systems, it 
is still difficult, for instance, to conduct an exhaustive 
analysis and evaluation of research articles, including 
the number of times the articles were cited and their 
impacts.
5-4 Realistic ID operation and cooperation 
plans
   In order to break such situations, it is ideal to aim 
for integrating various operations or systems and 
eventually unify element identifiers. However, it is not 
realistic. Rather than integrating systems, it would be 
more realistic to unify the protocols for exchanging 
data with outside institutes by using XML as an 
intermediate data or release basic data in databases 
so that the collection and comparison of researcher 
information and research fund information can be 
made possible, as the need arises, without impeding 
the independent activities of each institute.
   For instance, the OECD (Organization for 
Economic Cooperation and Development) has 
released various raw data along with statistical data 
to allow analyses by combining the groups of data. 
The white papers concerning the standards for the 
release of datasets, which have been released by the 
OECD, are helpful.[38] Moreover, Serials Solutions, 
which has developed tools to deal with various 
digital information resources and has been providing 
solution services mainly to libraries, has released 
its XML API (application programming interface), 
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allowing users free access to a group of basic data in 
the company database for easy comparison with other 
groups of data.[39] In this way, it is necessary to build 
environments to allow users to combine groups of 
data in order to gain new knowledge, with database 
service providers offering relatively free access to their 
databases, instead of trying to control everything.
   If possible, it is desirable for public funding 
organizations to formulate grand designs for science 
and technology information distribution policies 
in a cross-sectional manner and reconfirm the 
positions of each information business on a regular 
basis. At present, the Japan Science and Technology 
Agency and the National Institute of Informatics are 
promoting cooperation in the information business.[40] 
They are also in talks with the National Diet Library. 
If public funding organizations efficiently support 
the production cycle of publicly funded research and 
accompanying information distribution and become 
able to analyze the performance of researches, 
researchers, and research institute with relatively 
little effort, it will eventually lead to ensuring the 
transparency and expansion of research funds. From 
the perspective of connecting researchers, research 
institutes, research funds, and their results with their 
impacts, as shown in Table 2 and Figure 3, it would be 
worth studying cross-sectional collaboration.
C o m p r e h e n s i ve  r e s e a r c h 
p e r f o r m a n c e  i n d i c a t o r 
combining research funding and 
accomplishment report
   If the aforementioned comprehensive analysis 
tools for cross-sectional database is made available, 
it will make it possible to gauge the performance 
of researches, researchers, and research institutes 
more accurately. For instance, it will make it easy 
to correctly compare per-research unit numbers of 
research articles, times the articles cited, and their hits 
on the Internet by individual and research institute. 
Basically, research evaluation should be conducted 
voluntarily by a group of researchers with a high 
Service name Operating organization Main identifiers
e-Rad MEXT Researcher Research institute Research fund
KAKEN Researcher resolver NII Researcher Research fund Research results
ReaD JST Researcher Research institute Research results
Table 2 : Major Government-Run Database with Own Researcher ID
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Figure 3 : Environment Surrounding Research Funding
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level of knowledge (peer review). The performance 
indicator like the above, if properly utilized, may 
become an objective indicator for research evaluation. 
It may be useful when, for instance, evaluating a 
large number of young researchers in a wide range 
of fields or when evaluating research outside of one’s 
field. It is hoped that such an indicator will be used 
on a supplementary basis, with the drawbacks and 
advantages of the indicator kept in mind. The question 
of what impact a continued use of new indicators will 
have on peer reviewing is likely to draw attention in 
the future.
    Lastly, as of this writing, the importance of the 
existing, well-known research journals as a means 
to fix research achievement remains unchanged. 
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funds and gain promotion.
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Introduction
   The annual AAAS (American Association for 
the Advancement of Science*1) Forum[1] was held 
in Washington D.C. on April 30 (the 101st day of 
the Obama administration) and May 1, 2009. The 
forum is held every year for people in the science, 
engineering, and higher education communities of 
the United States and elsewhere so that they can learn 
about and discuss public policy issues and the federal 
science and technology budget. The forum provides an 
opportunity to understand key policy issues in science 
and technology in the United States. The participants 
include scientists, AAAS officials, policymakers, 
and students with an interest in the intersection of 
policy and science and technology. This year was the 
34th forum, and the number of participants exceeded 
600 for the first time in its history, showing the 
Obama administration’s strong interest in science and 
technology policy. 
   Discussion topics included global economic issues 
and the role of science and technology, a huge increase 
in funding (more than 3% of the U.S. GDP) for 
science and technology and its proper use, as well as 
the present condition and future of science and the 
5
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General Unit 
existing media. On the first day, the keynote address 
was made and analysis was conducted on budgetary 
and policy context for R&D in fiscal 2010 [NOTE 1]. On 
the second day, there was a discussion on the role 
of science and technology during the current global 
economic condition. Other discussion topics included 
serious threats of global warming and actions to 
be taken. The participants engaged in enthusiastic 
discussion on environmental problems and the roles of 
science and technology for the future.
   Table 1 shows the discussion topics of the 2006–
2009 forums. 
Keynote address
   Peter Agre, President of the AAAS, introduced the 
keynote address speaker John P. Holdren, who was 
greeted with enthusiastic applause. The following is 
an introduction of Holdren.
   Holdren has been playing a major role in the fields of 
science and technology in the United States. He served 
as president of the AAAS from February 2006 to 
February 2007, and as chairman of the AAAS Board 
of Directors for a year after that. He is now working 
with President Obama as his Assistant for Science 
[NOTE 1] 
The budget proposals for fiscal 2010 (October 2009–September 2010) were announced later than usual 
(they are usually announced before the forum).
1
*1 AAAS: The AAAS (founded in 1848) is a non-profit organization with more than 140 thousand 
members that consist of scientists, engineers, science educators, policymakers, and others. The aims of 
the AAAS include promoting interaction and cooperation among scientists and providing policymakers 
with opportunities to exchange information. The AAAS is also known as the publisher of the journal 
Science.
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Table 1 :  Session Topics (2006–2009)
Source: The AAAS Forum on Science and Technology Policy website[1] 
(Please refer to References[2-4] for the outlines of the previous forums.) 
and Technology and as Director of the White House 
Office of Science and Technology Policy[5] (OSTP). As 
Assistant to the President for Science and Technology, 
he helps to coordinate analysis and recommendations 
related to science and technology policy in concert 
with a wide range of relevant agencies, and he 
provides independent and objective advice to the 
President and the Vice President.
   Director of the OSTP John Holdren and four 
Associate Directors (of Science, Technology (CTO), 
Environment, and National Security and International 
Affairs Divisions) approved by the Senate will play 
an important role in the Obama administration’s 
science and technology policy by determining priority 
research topics (Supplement 1). 
2-1 Summary of the Address
   Prior to this forum, President Obama, on April 27, 
pledged to invest more than 3% of the nation’s GDP 
in research and development, an increase from the 
current level at 2.66%. This will surpass the level 
achieved at the height of the space race in 1964, 
when it was about 2.9% of the country’s GDP.  The 
United States aims to effectively develop science 
and technology not only by substantially investing 
in science and technology but also by focusing on 
priority issues from a policy perspective. In particular, 
the Obama administration plans to substantially invest 
in efforts to strengthen basic and applied research, 
to promote innovation for the realization of a clean 
energy-based economy, to improve the health care 
system, to enhance the whole society’s stance with 
respect to recognition of the importance of science 
and technology, and to improve mathematics and 
science education. The administration also plans to 
increase the budget of the National Institutes of Health 
(NIH), the Department of Energy (DOE), the National 
Science Foundation (NSF), the National Oceanic and 
Atmospheric Administration (NOAA), the National 
Aeronautics and Space Administration (NASA), and 
the Department of Defense (DOD).  
 
Change of policy surrounding climate change 
issues
   In his keynote address, Holdren touched upon 
global climate change and noted that the United States 
must become “a leader in the world in addressing 
this problem rather than a laggard.” Climate 
scientists in the United States are preparing for the 
Conference of the Parties to the United Nations 
Framework Convention on Climate Change (COP15)
[6] in Copenhagen in December 2009. After his talk, 
Holdren said that the United States could enhance its 
position at global climate negotiations in Copenhagen 
Year Plenary Sessions  Concurrent Sessions
2009
- Budgetary and Policy Context for R&D in FY2010
- Global Economic Issues and the Role of Science 
and Technology
- Global Economic Growth and Recovery: Roles for 
Science ad Technology
- Systematically Investing in R&D: Federal, Industry, 
and International Perspectives
- Anticipatory Governance of Emerging Technologies
- Climate, Energy, and Health: Policy Implications
2008
- Budgetary and Policy Context for R&D in FY2009 
- What Kind of World Will Science and Technology 
Face — and Help Create — in the 21st Century?   
- Science & Technology, the 2008 Election, and 
Beyond 
- Science and New Media 
- Human Enhancement: Promise and/or Threat? 
- New Models for Funding Research and Innovation 
- Advocacy in Science: Models for the Future
2007
- Budgetary and Policy Context for R&D in FY2008 
- Pharmaceutical and Biotechnology R&D 
- Secur ity Issues and Disclosure of Scient i f ic 
Information 
- States’ Expanding Role in Science and Technology 
Policy 
- Building Science, Technology, and Innovation 
Capacity in Developing Nations 
- Surveillance, Privacy, and the Roles of Science and 
Technology 
2006
- Budgetary and Policy Context for R&D in FY2007 
- The Global Innovation Challenge: Responses by 
Industry and U.S. Policy Makers 
- Protecting the Integrity of Science 
- Science and Technology Policy for the Energy 
Challenges of the 21st Century 
- Risk and Response: Coping with Uncertainty About 
Pandemic Flu and Other Global Health Threats 
- Homeland Security: Can Science Make Us Safer? 
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if it approves climate and energy legislation in 
advance. “Without energy, there is no economy; 
without climate, there is no environment; and without 
economy and environment, there’s no well-being,” 
Holdren said during his keynote address, reiterating 
the importance of tackling environmental issues.
Substantial investment in energy
   In his address to the forum, Holdren noted that 
the United States is more than 85% dependent on 
fossil fuels and said, “That’s not going to change 
overnight, so we can’t just say [that] we’re going 
to go immediately, all the way, to unconventional 
renewables. We have no way to do that. We have 
to fix in various ways the conventional options that 
we’re using, as well.” Holdren said that the Obama 
administration likely would want to focus on ramping 
up the rate of R&D and demonstration of renewable-
energy technologies as well as how best to increase 
energy efficiency of buildings, cars, manufacturing 
processes, and more. He explained that alternative 
energy supplies would come in somewhat more 
slowly, but ultimately would grow to a very large level. 
Attention also must be paid to conventional energy 
sources such as safer, next-generation nuclear energy, 
he added.
   The Obama science plan includes $150 billion over 
the next 10 years to promote clean-energy strategies 
as part of a response to global climate change and 
the economic crisis. It is estimated that this will help 
create about 5 million new green jobs. 
Improving basic science: focusing and improving 
education for children
   The Obama science plan also includes $1.5 billion in 
funding over the next five years to enhance STEM*2 
education and “get kids back on top” in science, 
technology, engineering, and mathematics .[NOTE 2]
   However, fulfilling President Obama’s ambitious 
goals for science and technology “is going to be hard” 
in the current economy, and it will be essential for the 
administration and Congress to work closely together, 
Holdren said. 
Remarks on federal budget 
proposals for FY2010 [NOTE 3]
   U.S. Representative Bart Gordon (Chairperson of 
the House Committee on Science and Technology) 
warned scientists, who will benefit from the increase 
in the science and technology budget under the Obama 
administration, by saying that he heard complaints 
from his constituents that the federal government was 
spending money on a research institute when cash-
strapped local schools had to suspend bus service. He 
acknowledges that spending money on R&D is very 
important for the future of the American people, but 
he also urged scientists and engineers to communicate 
their work at the grassroots level to get funding 
within a limited budget. Gordon also described his 
vision for ARPA-E (the Advanced Research Projects 
Agency-Energy)[9] *3, as an initiative to turn to some 
of the nation’s top researchers to boldly develop new 
energy technology breakthroughs. ARPA-E aims to 
reduce the country’s dependence on foreign energy, 
to increase energy efficiency, and to reduce global 
warming gas emissions. ARPA-E received $15 million 
under the FY2009 Omnibus Appropriations Act and 
received $400 million in funding under the American 
Recovery and Reinvestment Act of 2009.[NOTE 4] 
   Stanley Collender (Managing Director of the 
Washington, D.C. office of Qorvis Communications) 
suggested that the budgetary and political support 
for science and technology would not be stable. He 
warned that the budget increase for science and 
technology, the President’s initiatives, and investments 
to STEM education would not necessarily last long. 
Collender also noted that if the financial stimulus 
plan is effective with the current recession, Congress 
and the President may come under pressure to reduce 
unprecedented deficit spending, and frustration 
with the economy might provoke a backlash against 
favorable trends in science[NOTE 5]. He said that since 
President Obama had pledged to reduce the deficit 
to $500 billion by 2013, it would be unclear, with the 
recent economic situation and the deficit, how long 
the budget increase would last. To make the favorable 
trends for science and technology sustainable, 
Collender urged science and engineering leaders to 
do their best to communicate the true value of science 
and build better relationships with the American 
3
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people.
   Al Teich (Director of the Science & Policy Programs 
for AAAS) said that the 2009 budget and the stimulus 
package had brought new commitments to address 
key science issues and an infusion of new funds for 
science. He noted that the total 2009 R&D budget 
for energy and climate, physical sciences, biomedical 
research, and other fields was $172 billion (including 
the stimulus funding), a huge increase over the 2008 
spending. And much of it went to research outside the 
defense realm, which has dominated R&D in recent 
years. Even without including the stimulus funding, 
the budget for energy research at the Department of 
Energy (DOE) went up by 21%, Teich said. Funding at 
the DOE Office of Science also went up by about 15%. 
When the stimulus funding is included, budgets at the 
[NOTE 2] 
President Obama considers education reform to be an important political issue. In that sense, it may be 
appropriate to call the budget “the R&D and education budget” rather than just “the R&D budget.” 
[NOTE 3] 
The announcement of the budget proposals[8] was delayed this year; it is usually made before the forum. 
Therefore, the speakers did not mention detailed numbers. (Please refer to Supplement 2 for concrete 
numbers.)
[NOTE 4] 
The FY2010 budget proposals included funding of $100 million through the Energy Transformation 
Acceleration Fund (separate from the budget to the DOE).
[NOTE 5] 
This suggests that if the stimulatory fiscal policy works and the economy recovers, the pressure to trim 
the deficit may build and the substantial increase in the science and technology budget may turn into a 
decrease.
*2 STEM education: Education programs promoted by the Obama administration to improve education 
in science, technology, engineering, and mathematics.[7] 
*3 ARPA-E: ARPA-E aims to improve the support for developing alternative energy, to enhance U.S. 
economic independence and energy security, and to overcome long-term, high-risk technological 
difficulties that are related to the development of energy technology.
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Figure 2 : U.S. FY2009 R&D Appropriations (excl. stimulus)
DOE: Department of Energy, DOT: Department of Transportation, DHS: Department of Homeland 
Security, NOAA: National Oceanic and Atmospheric Administration, NIST: National Institute 
of Standards and Technology, VA: Department of Veterans Affairs, NSF: National Science 
Foundation, DOD: Department of Defense, USGS: United States Geological Survey, NASA: 
National Aeronautics and Space Administration, USDA: United States Department of Agriculture, 
NIH: National Institutes of Health, EPA: Environmental Protection Agency
Source : Slide used by Albert H. Teich
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National Science Foundation (NSF), the DOE Office 
of Science, and the National Institute of Standards and 
Technology (NIST) are all to double in the next seven 
to 10 years. Teich emphasized that President Obama’s 
pledge to raise U.S. R&D spending to more than 3% 
of the country’s GDP would also encourage U.S. 
companies to innovate. 
   Figure 2 shows fiscal 2009 R&D appropriations 
excluding the stimulus plan.      
Other presentations and panel 
discussions
4-1  Global economic issues and the role of science and 
technology
   With Vaughan Turekian (Chief International Officer, 
AAAS) as a moderator, distinguished international 
panelists who are knowledgeable about science and 
technology policy discussed the role of science and 
technology during the global economic recession. 
Cathleen A. Campbell (President and Chief Executive 
Officer, U.S. Civilian Research and Development 
Foundation) said that many governments were giving 
high priority to research and development to tackle the 
current economic situation. Alfred Watkins (Science 
and Technology Program Coordinator, World Bank) 
noted that developing countries also recognize the 
importance of science, but that there is no chance to 
induce scientists to the needs and priorities of these 
countries so that they require support from developed 
countries. Campbell introduced the efforts conducted 
by the U.S. Civilian Research and Development 
Foundation to communicate scientific knowledge 
to scientists in developing countries and Watkins 
introduced the World Bank’s efforts to build scientific 
infrastructure in developing countries. James Wilsdon 
(Director, Science Policy Centre, The Royal Society, 
United Kingdom) remarked that people in developing 
countries often consider science to be remote from 
their daily life since science is not being appropriately 
used to solve problems. He noted that scientists should 
communicate to people in developing countries the 
role of science and technology in providing clean 
drinking water and securing food safety.     
   Tateo Arimoto (Director-General, Research 
Institute of Science and Technology for Society 
(RISTEX), Japan Science and Technology Agency) 
commented on how the Japanese science and 
technology community should respond to the current 
global economic recession. He said that science 
and technology-based companies were playing an 
important role globally and that this economic crisis 
was a good opportunity to build a new economic 
model. Arimoto noted that Japan should respond to the 
economic crisis with innovation and by using Japanese 
cutting-edge science and technology to create a society 
based on low cost and renewable energy. He also said that 
systems for new funding, grants, fellowships, and training 
system needed to be established to respond to the socio-
economic crisis as well as to prepare for the world after 
the crisis.  
4-2 The future of science journalism
   With Eli Kintisch (Reporter, Science) as a moderator, 
science journalists discussed whether the existing media 
could coexist with science and technology. Dan Vergano 
(Reporter, USA Today) and Cristine Russell (Senior 
Fellow, Belfer Center for Science and International 
Affairs, Kennedy School of Government, Harvard 
University) pointed out that the short-term prospect for 
science journalism is not optimistic. They noted that 
the general public can easily get the latest scientific 
information through the Internet, and newspapers 
and other conventional news media are not the only 
way to get science news. They remarked that the 
number of science journalists is decreasing and that 
it is becoming more difficult to write about science 
for young readers who can get ample scientific 
information through the Internet. Joann Rodgers 
(Director of Media Relations and Public Affairs, 
Johns Hopkins Medical Institutions) said that more 
universities and research institutes are using their 
own web pages and blogs to communicate science 
news directly to the general public in addition to the 
conventional media. Chris Mooney (Contributing 
Editor, Science Progress) noted that the substantial 
amount of science news on the Internet will endanger 
the conventional science journalism and that the 
general public will seek science news online to back 
up their own knowledge.[NOTE 6] 
4-3  Effects of global climate change on human 
health 
   There were three concurrent sessions about 
major issues in science and technology policy: 1) 
Systematically Investing in R&D: Federal, Industry, 
and International Perspectives; 2) Anticipatory 
Governance of Emerging Technologies; and 3) 
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Climate, Energy, and Health: Policy Implications. 
   The first panel was on global climate change caused 
by the use of fossil fuels and its serious effects on 
human health, and it was conducted as part of the 
Climate Change Science Program (CCSP).[11] *4 Much 
attention was given to this panel because of the novelty 
of the theme. The panel moderator, Sharon Hrynkow 
(associate director of the National Institute of 
Environmental Health Sciences) said at the beginning 
of the panel that scientists have an important role to 
play in showing policymakers the direct and indirect 
effects of climate change. 
   Kirk Smith (professor of global environmental 
health at the University of California– Berkeley) said 
that the use of traditional fuels such as wood and coal 
in developing countries releases harmful particles and 
gases due to incomplete combustion, thus deteriorating 
air quality. Smith noted that the air pollution has been 
linked to pneumonia, low birth-weight, lung and heart 
disease, blindness, cancer, and, ultimately, 1.6 million 
premature deaths per year. “Bringing cleaner energy 
like solar, hydroelectric, or other non-carbon-rich 
resources to the developing world will have a clear 
effect on human health,” said Smith.
   Carlos Corvalán (environmental epidemiologist) 
said that 88% of disease burden attributed to climate 
change affects children under the age of five in 
particular. Every year, there are reports of some 3.5 
million early deaths due to malnutrition, 2.2 million 
due to diarrhea and dehydration, and 900,000 due 
to malaria. “These diseases are highly sensitive to 
temperature and precipitation,” said Corvalán. He 
noted that addressing global warming and climate 
change could mitigate the mortality rate in developing 
countries.
   Daniel Greenbaum (president of the Health Effects 
Institute) said that ozone is the leading component of 
smog, and warmer temperatures caused by climate 
change help creating ozone. Studies suggest that 
inflammation in the respiratory tract and reduced lung 
function are among the adverse effects of ozone on 
health, noted Greenbaum. He said that new findings 
on the relationship of ozone and climate change 
are likely to make climate change an even more 
complicated issue. 
   Reid Detchon (executive director for energy and 
climate at the United Nations Foundation) talked about 
the importance of reducing the use of aromatics in 
gasoline and of the greater use of biofuels based on the 
2007 EPA Mobile Source Air Toxics (MSAT) rule1.[2] 
Benzene and other substances known to cause cancer 
are used in gasoline, polluting the environment and 
harming human health. An increase in the production 
of electric cars and the greater use of biofuels are 
likely to reduce greenhouse gases by one third over 
the current level. Detchon called for more studies on 
atmosphere models and the effects of PM2.5 (superfine 
particles) on health. 
4-4  Science and technology policy that needs to 
be promoted for the future
   Richard L. Garwin (IBM Fellow Emeritus), who 
played a pivotal role in energy and national security 
matters during the last half-century, delivered a 
lecture at the forum. He suggested that much of the 
United States' economic growth has been driven by 
consumerism; and salaries and bonuses exceeding 
$1 million in the financial sector diverted some of 
the best people from the public sector. He noted that 
President Obama’s pledge to raise U.S. R&D spending 
to 3% of the GDP, up from 2.66% currently, will 
stimulate the economy. He also talked about the future 
of the development of alternative energy technology 
and said that not only technology for nuclear power 
but also for other available energy options should be 
developed. New approaches must be used to innovate 
answers to the challenges now facing the planet; and 
to find solutions, policymakers also must use more 
[NOTE 6] 
Journalism is facing a new phase of globalization and IT revolution, and it is time to reestablish itself.
*4 Climate Change Science Program: The program was established to coordinate and integrate federal 
research sponsored by thirteen agencies on changes in the global environment and to provide scientific 
information to the public to address threats and opportunities posed by climate and global environmental 
change. The program has covered capacity building of integrated earth system analysis, creating detailed 
statistics on atmosphere and ocean conditions (since 1979), predicting global hydraulic conditions, 
building practical capacity, and enhancing studies on carbon cycles in the high-latitude system. 
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effective and sophisticated analyses and computer 
modeling, Garwin said. 
4-5 Canada’s economic action plan
   Gary Goodyear (Minister of State for Science and 
Technology, Government of Canada) said that Canada 
aims to create jobs in a short period to address the 
economic downturn. The Canadian government is 
also actively investing in science to promote long-
term growth of science and technology, he noted. 
Canada sees this global economic recession as an 
opportunity to secure excellent human resources. 
Goodyear stressed Canada’s progressive stance on 
science and technology by introducing the Vanier 
Canada Graduate Scholarships[13] program, where 166 
of the world’s leading doctoral students will receive 
$50,000 annually for up to three years. During a talk 
with Peter Agre (president of the AAAS), Goodyear 
and Agre agreed that the two countries will maintain 
their relationships and aim to provide great support for 
the future development of science and technology.
Conclusion
   The 2009 forum characteristically addressed 
the once-in-a-century global economic crisis. The 
AAAS raised a question as to the role of science and 
technology in dealing with the economic recession, 
and the forum’s participants discussed science and 
technology as a key component in economic stimulus 
policy. According to the fiscal 2010 federal budget 
proposals, which were announced on May 7, the 
investment in R&D is $147.6 billion, up by $555 
million (0.4%) from the previous fiscal year. The 
Obama administration is taking progressive science 
and technology policy amidst an economic downturn, 
suggesting its hope and trust in the science and 
technology community.
   In order to respond to the hope and the trust, 
the science and technology community has the 
responsibility of progressively conducting R&D 
and producing excellent results as well as being 
accountable to the general public by communicating 
the significance and the value of their studies to the 
public. Science and technology are becoming more 
sophisticated and complicated and need financial 
support from the government. However, if the 
community fails to show that science and technology 
are not making society a better place, the budgetary 
increase may not last long.
   This forum covered climate change and alternative 
energy as priority issues. President Obama promotes a 
clean energy strategy and, to overcome this economic 
crisis, has set forth a Green New Deal[14] in an effort to 
deal with both environmental and economic crises.            
   Based on the strong leadership by the President, 
the science and technology community in the United 
States is taking a strong stance to make the utmost 
integrated efforts to address a long-term issue, building 
a sustainable society. In addition, John Holdren of the 
OSTP and other science and technology specialists 
are strongly supporting the President’s science and 
technology policy. The favorable ties between the 
science community and policymakers are a driving 
force for the progress of science and technology in the 
United States, and this is one of the strengths of this 
country.
(Supplement 1) In an editorial in the May 1, 2009 
edition of Science, Holdren specified five practical 
challenges and five foundations for success of the 
Obama administration. 
   The practical challenges are: 1) determining 
proper use of science and technology for economic 
recovery and growth, 2) advancing public health, 
3) creating green jobs and new businesses and 
promoting the energy-technology innovation needed 
to reduce energy imports and climate-change risks, 
4) addressing other environmental issues including 
protecting species and securing natural resources, and 
5) supporting homeland security.
   The foundations for five success factors to the 
science and technology policy are: 1) increasing 
the capacities and output of fundamental research 
institutions, 2) improving science, technology, 
engineering and mathematics education (STEM), 
from pre-school to graduate school, 3) improving 
and protecting information, communication and 
transportation infrastructures, 4) maintaining 
cutting-edge capabilities in space, and 5) supporting 
appropriate guidelines related to such issues as 
scientific integrity, efficient processing of visa 
applications from international researchers, and 
international research cooperation.
(Supplement 2) The President’s Budget for fiscal 2010 
(October 2009-September 2010) was announced on 
May 7, 2009.[15] 
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     It proposes $147.6 billion for the Federal investment 
in R&D, which is $555 million or 0.4% more 
than the 2009 enacted level. In 2009, the enacted 
appropriations and preliminary allocations of funding 
for the Recovery Act increased the Federal R&D 
investment to $165.4 billion (Recovery Act funds will 
be spent in 2009 and 2010). 
○ The FY2010 Budget maintains the stance of 
the 2009 Omnibus Appropriations Act and the 
American Recovery and Reinvestment Act, which 
boosted R&D investment. 
○ The 2010 Budget invests in four key R&D 
priorities.
(1) Investing in the sciences for a prosperous 
America. 
   The President plans to double Federal investments 
in three basic research agencies by 2016: the National 
Science Foundation, Department of Energy’s Office 
of Science, and the laboratories of the Department 
of Commerce’s National Institute of Standards and 
Technology. The 2010 Budget also emphasizes support 
for researchers at the beginning of their careers. 
(2) A clean energy future. 
   Investments in clean energy R&D will drive a new 
energy economy that creates green jobs and reduces the 
impact of climate change. R&D funding will support 
renewable energy and energy efficiency technologies 
such as advanced batteries, solid-state lighting, and 
solar, biomass, geothermal, and wind power.
(3) Healthy lives for all Americans. 
   Federal R&D investments in health result in 
knowledge and technologies that are vital for 
promoting longer, healthier lives for all Americans. 
The funding to biomedical and health research and 
policies will increase the impact of these investments 
on health outcomes. The 2010 Budget emphasizes 
research to promote healthy living and disease 
prevention.
(4) A safe and secure America. 
   New developments in science and technology offer 
hope of predicting and preventing destabilizing or 
paralyzing natural and manmade threats, as well 
as minimizing their impacts and recovering from 
them as quickly as possible. The Budget accelerates 
the development of new medicines, vaccines, and 
production capabilities for biodefense by investing in 
countermeasures development.
○ The FY2010 Budget invests in the following three 
key basic research agencies.
[National Science Foundation: $7.045 billion; up by 
8.5% more than the 2009 enacted level]
・The Budget triples the number of Graduate Research 
Fellowships (3,000 by 2013).
・It supports technicians contributing to the innovation 
enterprise and emphasizes high-risk research. 
・It establishes a climate change education program.
[Department of Energy’s Office of Science: $4.942 
billion; 3.5 % more than the 2009 enacted level]
・The Budget emphasizes investments in clean energy 
development.
・$135 million for the ITER-related projects.[16]
[Department of Commerce’s National Institute of 
Standards and Technology: $6.52 million; 1.2% more 
than the 2009-enacted level]
・The Budget includes a plan to construct facilities and 
equipment to enhance the Institute’s research capacity.
・It includes the Technology Innovation Program and 
the Manufacturing Extension Partnership.[17] 
   In addition, the funding to the National Institute of 
Health increased to $30.838 billion by 1.4% over the 
2009-enacted level, and the funding to the National 
Aeronautics and Space Administration increased to 
$18.686 billion by 5.1%.  
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 About   SCIENCE AND TECHNOLOGY FORESIGHT CENTER
I t is essential to enhance survey functions that underpin policy formulation in order for the science and technology administrative organiztions, with MEXT 
and other ministries under the general supervision of the Council for Science 
and Technology Policy, Cabinet office (CSTP), to develop strategic science and 
technology policy.
N ISTEP has established the Science and Technology Foresight Center (STFC) with the aim to strengthen survey functions about trends of important 
science and technology field.  The mission is to provied timely and detailed 
information about the latest science and technology trends both in Japan and 
overseas, comprehensive analysis of these trends, and reliable predictions of future 
science and technology directions to policy makers.
B eneath the Director are six units, each of which conducts surveys of trends in their respective science and technology fields.  STFC conducts surveys 
and analyses from a broad range of perspectives, including the future outlook for 
society.
T he research results will form a basic reference database for MEXT, CSTP, and other ministries.  STFC makes them widely available to private companies, 
organizations outside the administrative departments, mass media, etc. on NISTEP 
website.
The following are major activities:
1. Collection and analysis of information on science and technology trends through 
expert network
STFC builds an information network linking about 2000 experts of 
various science and technology fields in the industrial, academic and 
government sectors.  They are in the front line or have advanced 
knowledge in their fields.
Through the networks, STFC collects information in various science 
and technology fields via the Internet, analyzes trends both in Japan 
and overseas, identifies important R&D activities, and prospects the 
future directions.  STFC also collects information on its own terms 
from vast resources.
Collected information is regularly reported to MEXT and CSTP. 
Furthermore, STFC compiles the chief points of this information as 
topics for “Science and Technology Trends” (monthly report).
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2. Reserch into trends in major science and technology fields
Targeting the vital subjects for science and technology progress, 
STFC analyzes its trends deeply, and helps administrative 
departments formulate science and technology policies.
The research results are published as articles for “Science 
Technology Trends” (monthly report).
3. S&T foresight and benchmarking
S&T foresight is conducted every five years to grasp the direction of 
technological development in coming 30 years with the cooperation 
of experts in various fields.
International Benchmarking of Japan’s science and engineering 
research also implemented periodically.
The research results are published as NISTEP report.
Life Science Research Unit 
Information and Communications Research Unit 
Environment and Energy Research Unit 
Nanotechnology and Materials Research Unit 
Monodzukuri, Infrastructure, and Frontier Research Unit 
General Unit 
• General planning and coordination
• Life sciences
• Information and Communication technologies
• Environmental sciences
• Energy
• Nanotechnology
• Material science
• Monodzukuri (Manufacturing) technology
• Social Infrastructure
• Frontier : Space and Oceans
Units comprise permanent staff and affliated fellows
The Center's organization and responsible are reviewed as required
＊
＊
Organization of the Science and Technology Foresight Center
Director

